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ABSTRACT 

Part  I.  lA*«atication  ol  avrodynamic 'drac  rtiaracttriatica  lijr  maaauramania  on  fulUkcala 
I  baama  (tWFST)  and  aiwlt  krona  (8LSd.9)  vara  mada  at  aarkous  praaaura  lavala  from  Sitot 
Charoaaa.  Orac  and  UR  coaftkcianta  wara  ottatnad  atthoufti  tha  flow  waa  not  normal  'o  tha  baaiaa. 
Raaoluikon  of  tha  (low  waa  datarmkncd.  Drac  coafftcianta  for  tha  I  baama  varkad  from  2.44  to  2.12 
which  waa  aomawhat  hifhar  than  ataady«atata  data,  which  ka  uaualljr  glvan  at  2.02.  Tha  diag  co* 
affuiant  (or  tha  angla  iron  variad  from  2.11  to  2.01,  wharaaa  tha  ataaoy-atata  valoa  waa  1.02. 

Tha  UR  coaffkctant  (or  angla  tron  aariad  (ron  2.20  to  2.72,  and  tha  ataad/*atala  aalua  waa 
2.07. 

Part  2.  A  daarriplkon  of  an  aaparkmant  (or  datarmknkng  drag  coaftkcianta  (or  aphartcal  ahnpaa 
aa  a  (unctijn  of  tha  dpnamic  praaaura  of  tha  (lew  following  blaat  wava  (ronta  ta  givan.  Two  aiaae 
of  aphartcal  ahakl  k2  and  10  inch  diamatarl  wara  uaad  m  conlunctioo  with  thraa-dtmanaional.  (orca* 
aanaing  machankama.  Tha  nanaing  machaniaaM  and  calibration  procadura  ara  daacribad.  Tha 
objactiaaa  wara  not  achiaaad  bacauaa  of  a  aarioua  arror  in  tha  poaitioo  of  tha  datonation  and  ba- 
cauaa  of  noma  dubtoua  bahaaior  bp  tha  gagaa.  Spaculatlaa,  rathar  than  authorttatlaa,  aaluaa  of 
paak  drng  coaffkciant  ara  Uatad  aa  daducad  from  tha  aaparlmant.  Tha  raaulta  ara  briaflp  com* 
parad  with  thcaa  lor  gagaa  uaad  in  a  almlUr  praaaura  ranga  on  Oparallon  Taapot. 

Part  2.  Inaaaligatioa  of  tha  raaponaa  of  drag-ippa  targata  and  continuation  of  tha  atatlattcal 
avaluatioo  atudiaa  on  nilitarp  vahiclaa  wara  mada  bp  tha  aapoaura  of  V«>ton  trucka  (J**pd>  o* 

Shota  Lacroaaa.  Zunl,  and  Yuau.  Ground  rangaa  warn  aalaciad  to  giva  (urthar  data  (or  pradlct* 
ifg  damagfa  to  vahiclaa  undar  diffarant  blaat  condtticna  than  thoaa  pravioualp  taalad.  Analpaia  of 
tha  data  indicatad  an  appraciaMa  raduetiow  In  daaiaga  radii  (or  aoo»pracuraor  condltiona  balow 
that  (or  pracuraor  condPlooa.  Thara  waa  (urthar  tndirallon  that  diaplacamant.  Ilka  damaga, 
raaulttng  from  aapoaura  to  a  blaat  wava  of  claaalcal  ahapa  waa  aigniXicanllp  raducad  aa  comparad 
to  tha  diaplacamant  racatvad  from  a  nonelaaalcal  or  pracuraor  wava. 

Part  4.  Air  Blaat  dJfractlon  and  drag  loadlag  aMaauramanta  wara  mada  at  a  limited  numbar 
of  poattUMia  on  a  concrata  cubicia  during  Shot  Zunl.  Tha  targat  atructura  waa  S  bp  6  bv  12  (aat 
and  locatad  la  a  praaaura  ragion  of  22  pat  with  a  duration  of  approalmaialp  2  to  2  aaconda.  TtM 
objactiv-a  waa  achiavad,  la  that  aucea»«(ul  racorda  wara  obtalnad  on  rapraaantativa  locailona  on 
tha  vartoua  (acaa  of  (ha  atructura,  but  ainca  tha  obaarvad  wava  waa  noo>ldaal  In  charactar,  It 
waa  not  poaaibla  to  corralaia  tha  actual  loadtng  arith  that  predicted  (p>m  a  acalad  ahock  tuba 
OHidal. 

Por  comparkaon,  tha  actual  (laid  racorda  and  pradictad  racorda  ara  both  piraaniad  la  the 
bodp  of  tha  report.  Although  tha  (raa*a(raam  record  waa  onlp  alightip  rounded,  the  raflactad 
praaaura  over  tna  front  of  tha  atructura  ramainad  high  and  did  not  dacap  aa  predicted. 

Par.  2.  Electronic  recording  laatrumawtation  waa  provided  lor  provided  (br  Project  1.9  oa 
Shou  Charokaa  and  Zunt  and  recording  and  atructura  InatrumawiBllon  (or  atructural  raaponaa 
Pmjart  2.1  on  Shot  Charokaa.  A  multl-channa*  magnetic  tape  recording  apatam  waa  utlllaad  to 
racoiTd  ISO  data  ctaanala.  Tha  objactiva  waa  not  failp  aatlaflald  oa  Shot  Charokaa  bacauaa  of  tha 
mta«oriantatioa  of  ground  taro,  even  though  oMOt  of  tha  Inatrumantafioa  fhnttiooad  aatlafactortlp. 
Thia  mia*oriantailoo  advaroalp  affactad  the  data  racorda  ehtalnod  from  the  unidirectional  aloe* 
Ironic  pitol*oiatlc  %  and  other  gagaa.  Tha  oblactlva  waa  aaflalhctorllf  amt  oa  Shot  Zunl. 

A  daaeriptioa  of  tha  inatnimantatton  and  recording  apatam  are  proa  anted  la  tha  bodp  of  the 
report.  A  commantarp  on  tha  racorda  ehtalnad  la  alao  glvoo. 
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PREFACE 

SiiK«  this  projtct  «M  on*  whlcli  con*lst*d  of  ■•v*r*l  phu*«,  although  Interrelated.  It  vaa  crn> 
aiderrd  too  lengthy  lor  the  uaual  organisation.  Each  phaa*  «aa  treated  a*  jelng  completely 
aeparate  and  tn*  report  la  divided  Into  parta  with  each  part  organued  aa  a  report  in  itaelf.  Ac* 
cordingly  ihe  body  of  the  report  was  composed  as  follows: 

Part  1  Structural  Members; 

Part  2  Spherical  Gag«s; 

Part  3  Military  Vehicles; 

Part  4  Cubicle  Structure;  and 

Part  S  Electronic  Inatrumsntatloo. 

The  authors  would  Ilk*  to  thank  the  many  peopts  who  contributed  to  this  report.  Appreciation 
IS  etpressed  to  Or.  E.  E.  Minor  for  his  advice  and  gutdancs.  Ths  coopsratlos  of  ail  Task  Group 
and  Task  Unit  3  personnel  la  gratefully  acknowtsdgsd. 

Special  acknowledgement  and  appreclatloo  Is  estsadsd  to:  (1)  J.  J.  Messsros  for  kls  work  as 
coordinator  of  the  Ballistic  Research  Laboratories*  pro|*cts;  (2)  Lt  M.  R.  Johnston  and  Lt 
A.  L.  Holiday,  for  their  eacelleni  work  In  Instrument  design  and  devsiopmsnt,  ths  authors  are 
especially  grateful:  (31  Martha  S.  Allison  for  her  work  Is  typing  and  asssmbling  of  ths  final 
report;  and  (4)  Lt  M.  W.  iVagenblast  for  his  research  la  the  shock  tube  on  spherical  gages. 

The  contributing  authors  are  thanked  for  their  cooperation  and  competent  particlpatloo  la  the 
compiling  of  this  report:  Part  3,  R.W.  McNeil,  R.C.  Wise  and  N.H.  Ethridge;  Part  f.  J.H. 
Keefer  and  C.  N.  Kingery;  Part  S,  E.  O.  Schwarts  and  G.  L.  Roark. 
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TRANSIENT  DRAG  UDAOm  of  ACTUAL  and  IDEALIZED 
SHAPES  from  HIGH-YIELD  DETONATIONS 

Port  / 

STRUCTURAL  MENDERS 


OBJECTTVE 

The  objective  o(  this  part  oi  Project  I  3  ms  the  investication  U  the  secodya'iDir  drac  char* 
arie*>ali''a  of  full  arale  alrurtural  h;eint>erB  ehen  exposed  to  transient  loadinc  conditions  result* 
rf  t-om  a  hijth  yield  nuclear  device.  Four  «ide>flanae  1  beams  (SWFd7l  and  lour  anfle  irons 
t!i'  9)  were  exposed  on  Shot  CheroSee  in  order  to  determine  tne  blast  loadinc  hence,  their 
coeffirienta  of  drac  and,  in  the  case  of  the  angle  iron,  coeltlrients  of  lift. 

BACKGROUND  AND  THEORY 

The  drac  lorcea  actinc  on  a  body  enveloped  in  a  Iraxsient'llov  field,  such  aa  those  from  a 
paaaace  of  a  blast  Mve  through  a  medium  at  rest,  have  been  the  subject  of  considerable  interest 
in  the  paat.  A  review  of  ihe  problems  ariai’'(  from  a  study  of  drag  in  a  transient  (sa  opposed  to 
a  steady  statei  field  has  been  made  by  the  American  Uachine  and  Foundry  Company  iRelerence 
I).  An  important  supplement  was  publiahed  by  Sandta  Corporation  (Reference  21.  A  careful  re¬ 
view  of  the  available  literature,  in  particular  References  1  and  2.  indicated  that  for  blast-Mve* 
produced  tranaiem-flon  fields,  the  drag  coefficients,  Cg,  obtained  for  r  >  10  would  be  equiva* 
Irm  to  the  steady-state  drag  coefficients  f‘-r  line  Reynolda  numbers  s*id  media: 

r  »  Ul/h 

thlien.  r  «  Oimenslonlesa  quantity  used  for  comparison  of  shock  front  travel  over  one 
obstacle  to  that  of  amMlier. 

U  •  Shock  Mve  velocity. 

t  •  Time. 

h  •  Characteristic  flow  length  dimension  of  the  objvct. 

I  may  be  noted  that  for  blast  Mves  of  interest,  those  for  which  U  •  2,000  ft/ sec  and  h  «  1 
l(Mt,  the  time  condition  will  require  that  for  t  >  9-msec,  Cg  will  be  that  for  a  similar  psusdo- 
steady -state  condition. 

Based  on  the  above  assumption,  beam  sensors  for  the  test  wore  designed  for  forces  found  by 
using  steady-state  drag  coefficients  .Reference  3)  for  dynamic  pressures  corresponding  to  those 
that  were  to  be  expected  in  the  fietd.  This  basic  assumption  ms  confiraied,  within  eaperimental 
accuracy,  by  shock-tube  eaperimenis  at  BftL  on  small  cantilevered  bssaia  amunled  parallel  to 
the  Mve  front  in  the  tube. 

Response  of  simple  uniform  beams,  aubfected  to  various  loading  and  end  condutons,  has 
been  widely  investigated  (Referenrea  4  through  17).  Factors  brought  out  la  such  references 
suggested  the  advisabtlity  of  a  simply-supported  beam  set  up  for  the  field  teat  to  facilitate  theo¬ 
retical  analysis  and  data  reduction. 
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After  ckeidinc  to  u*e  «  aiinplv-aupiwrtrd  beam  aa  the  teat  inatrumeiit.  the  main  problem  waa 
(I  ihiH'aina  the  correct  lombmation  <  f  (team,  aapporla,  and  mount.  .The  lieam  aaa  to  be  pre¬ 
tented  parallel  to  the  ara  .'t  Ir  -nt  an  t  '*aa  connected  to  ita  mount  by  a  paT  of  auppnrta.  The 
Bwpi'oria  aere  inalrumented  »ith  atrain  itaaea.  The  Uaaic  theory  of  the  ineaauremer.ta  aaa  that 
the  reaiit<.>na  meaaured  «<-kld  be  a  i:t><>d  reprearntation  of  the  <oad  if  the  period  of  vibration  of 
the  Krarn  a«a  much  ai>orter  than  the  duratiooa  of  the  ai|tnL.'u'ant  details  of  the  load.  The  deaian 
.'!  the  iombr..li>  .1  f  t>eam.  aupp>  rt,  and  n.ount  aaa  governed  by  thia  theory.  The  final  teat 
kin  t  lo'ia  a*  irt  ted  »ere  ( h7  for  the  » ide -lUnard  beam  and  0  S6.9  for  the  an^le  iron. 

A  >1. pile  ate  .1  the  ‘rnal  Mount  design  used  in  the  field  lesls  waa  eniplace-l  in  a  firing  aiea  at 
a.i  rdren  •  10*1-1,;  tiround  and  a  -bjei  ted  to  three  high-eaplosive -produced  lilaat  waves.  No  drag 
data  were  oUa  nat  le  since  the  blast  wave^  produced  were  of  short  duration,  but  the  teal  system 
tk>re  up  well  and  indicated  reasonable  response  characteristics  lor  the  teat  mounting  syster.i, 

I  e  .  the  lunoamental  period  was  shoet  co  npsred  to  the  durs.ion  of  the  load, 
f  .<r  determining  drag  and  lift  covificienta,  the  following  equaliona  wen  used. 


\^here  F  Net  Iv'rce  on  t«eam 

A  Frontal  area  of  beam 

Q  Dvnan-.ir  pressure  free  atreami 

S-tiacripts  of  F  are  h  and  v  Ff,  indicates  the  net  force  horiztmtal  to  the  ground  plane  and  is 
used  to  compute  drag  coefficients.  F^  indicates  the  net  force  perpendicular  to  the  ground  plane 
and  IS  used  to  compae  lift  coefficients.  The  angle  irons  were  oriented  so  that  negative  lilt 
would  be  experienced. 

The  significance  of  drag  characteristics  of  structural  members  becomes  evident  when  one 
considers  (he  many  structursi  complexes  which  are  simply  various  configurations  of  structural 
memiwrs  joined  to  form  trusses  and  lattice-type  networks.  Although  the  drag  characteriatica 
will  lie  altered  when  (he  members  sre  joined,  much  wifi  be  gained  by  first  examining  simple 
structural  lieama. 

OrEPATlONS 

Stations  consisting  of  an  I  beam  and  an  angle  iron  were  placed  on  Sites  Able,  Man-Made 
Island  I.  Man-Made  Island  3.  and  SMe  Dug  fur  exposure  to  Shot  Cherokee  (Table  A. 2). 

A  crew  of  four  men  installed  the  beams  and  made  the  necessary  hookups  to  the  recording 
•<)uipmenl  A  calibration  crew  I'ollowed,  making  final  c3lCulatior.a  of  expected  preasures  and 
apprigiriale  calibration  values.  Final  checks  were  made  just  before  shot  day  to  insure  proper 
operation  of  instruments. 

Shields  were  inrtalled  over  the  sensing  elements  to  protect  them  from  adverse  atmospheric 
and  thermal  exposures. 

ISSTKtMENTATION 

Test  Members.  The  feat  members  were  lull  scale  structural  members.  There  were  two 
types  used,  wide-fisnge  I  liesms  snd  sngie  iron#  Descriptions  o<  Ihest  members  can  be  found 
m  Table  I.  Sensor  st  <listics  sre  listed  in  Table  2. 

Test  Member  Mounts.  The  mounts  consisted  ol  two  vertical  13WFS8  beams  embedded  In 
concrete  an^  set  on  lO-fuut  renters  lor  the  I  beam  snd  on  6-foo(  csnttrn  for  ths  angis  iron;  ths 
centerline  ot  each  lest  member  was  2  lest  above  ground.  A  horlaontal  section  was  welded  to  the 
vertical  section  snd  s  gussst  plats  added  st  ths  joint  for  structural  rigidity.  A  support  knss 
bract  srss  also  used  to  provide  additional  strangth.  Ths  wsb  of  ths  end  portion  of  ths  horuonlal 
section  was  removed  snd  s  butt  plate  welded  agsinet  the  cut  section  of  the  web  for  instruments- 
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ttun  irouniinc.  For  thr  aonlr  iii>n  mounl  !•  *  top  (Ungr,  u  well  M  the  web.  wu  removed  from 
the  huritonul  section.  Where  the  depth  vd  ttv-  coral  and  aand  was  tnaaffictenl  to  provide  adequate 
mount  .to>aoil  coupling,  W'F  twams  were  driven  «.-'lo  the  coral  and  used  as  piling.  Figure  1  stiowa 
typical  atructural  memtnr  mounts. 

^nsv'ts.  The  total  drag  and  lift  forces  earrted  upon  the  structural  members  were  measured 
t<y  loeana  of  strain>senaing  elements  which  were  applied  to  the  sensors.  These  sensors  were 

Tim  I  I  Tl.sT  MtHPIH  ST\TIMICS 

T-  t  kill  Nr  Ltniph  la  l>lh  T  t  i<t  VaUriul 

ft  .n  in 

UF  111  *1  ;t  fcUrrt:  Sti-el 

r  1.  1  •  « r  ift.'i  Steel 


attached,  at  each  end  of  the  test  members,  to  the  mount.  BalUand-sockct  joints  at  each  end  of 
the  sensors  were  provided  in  order  to  give  as  closely  as  possible  an  approaimation  to  the  idea! 
pinned  end  for  simply  S'jpported  beams  (Figure  2t. 

The  total  force  fell  by  the  beam  was  translated  to  the  mount  thr  tugh  the  sensors.  The  gages 
used  to  lU'eumenl  the  sensors  were  Baldwin  SR-4  strain  gages.  Typo  These  were 

ohm  bakelile  gages.  Two  complete  four ‘arm  bridges  were  mounted  on  s?ch  sensor  used  with 
the  I  beam  (Figure  3),  In  each  bridge,  two  gagea  in  opposite  arms  of  the  brictac  and  on  cippostte 
■idea  of  the  sensor  were  mounted  with  the  sensing  elements  running  parallel  to  the  saiat  direc* 
lion.  The  two  remaining  gagea  were  n.  runted  perpendicular  to  this  directioa  on  the  remaining 
■idea.  With  this  symmetrical  placement  of  the  gagea,  when  the  sensor  was  loaded,  the  bridge 
had  a  bridge  factor  of  approaimatcly  2.6  (2.6  active  arms).  With  these  connectiona.  any  bending 

TABLE  i  fESaOR  STATISTICS 


suixm 

L*>oati(in 

llUftnr  Itngth 

Width 

Brrtdik 

Main  lal 

inchct 

;iK-h>-a 

inches 

wr 

Abiv 

3 

1  373 

1  37« 

Dural 

klan-Madv  laUml  No. 

1 

3 

O.SiO 

0.430 

DursI 

Man-Maiiv  IsIsihI  No. 

2 

3 

0.300 

0.373 

iXiral 

Dog 

3 

o.soo 

O.IX 

Duial 

r 

Ablv 

1 

1  300 

1.300 

Dural 

Man- Mads  laiand  No. 

1 

1 

0.420 

0.420 

Dural 

Man-Madv  Island  No. 

2 

1 

0  300 

0.300 

DursI 

aw 

1 

0.300 

0.120 

Dural 

moment  canceled  itaelf.  By  using  the  bait-and'Socket  joints  os  each  sad  ot  ths  ssswrs,  torskm 
was  considered  to  be  negligible. 

Because  of  the  short  length  of  the  aenaors  used  on  the  antle>lroa  awaals,  only  1  four>arm 
bridge  could  be  mounted  on  each  sensor  (Figure  4).  Cacepltoss  were  the  ssasors  used  os  the 
angle  iron  at  fltatlos  1S3.04.  Only  two  active  fsges  were  moustsd,  those  on  oppostts  side#  and 
oppoaite  arms.  TM  bridge  was  vompleted  snih  two  dummy  gsgos. 

Tho  material  and  dimension  of  the  aenaors  were  chosen  to  provide  for;  the  maaimum  eapecled 
atrraaea  transmitted  by  the  test  beams,  sufficient  unit  strain  for  recording  purpoeea,  and  a 
frequsney  roughly  10  times  that  of  the  beam  fundamental  frequaacy.  Seasor  statistics  .‘^r*  gives 
In  Tsbls  2. 
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/igur*  1  Typical  structural  mambar  station. 


Firart  2  taaaor  aaaamMy  lor  atnirtural  mambaro. 
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Fi^rr  3  I-beam  sensors,  with  strain  K^t**  sttsched. 


V 


Flours  4  Angle-iron  sensors,  with  strain  gages  altaclied. 
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Calibration  Proctdur».  Tha  atructural  manbtra  altar  havinn  baan  moantad  and  roBiplataly 
cbaraad  tor  curcuit  continuity,  wara  calibratad  tn  tha  foUowtng  mannar. 

Knuainf  tha  intandad  location  and  tha  Itmita  of  tha  ylald  of  tha  davica.  tha  maaimum  aapactad 
Jynamic  praaaurr  and  hanre  tha  (orra  on  aach  baam  «aa  computad.  Calibration  pointa  wara 
taaan  in  20>parrfnl  incramanta  up  to  100  parcanl  of  tha  aapartad  lorca.  For  inanrarica  afainat 
a  h'ichar  yield,  ona  final  calibration  point  waa  tahan  a*  IM  parcanl  of  tha  axpactad  force. 

Calibration  of  tha  I  baam  waa  a  at raifht 'forward  procedure.  A  frame  waa  placed  over  tha 
teat  mrnibar  and  uatnc  (h<  frame  aa  a  aupport,  a  hydraulic  jack  »aa  inaerted  between  frame  and 
beam  end.  With  a  Oulon  force  Kaca  indicating  the  actual  force  on  tha  aanaor,  i.-ia  jack  waa  uti> 
lited  to  obtain  the  force  naieaaary.  Thia  force  waa  recorded  aa  a  atgnal  output  from  the  atrain 
bridge  meuntad  on  the  aenror. 

tn  calibrating  tha  angle  iron,  lift  and  drag  wara  both  conaidared.  Tha  aama  calibration  pro* 
cedure  and  equipment  which  were  uaed  on  tha  t  baam  ware  uaed  on  tha  horltonUl  component  of 
the  angle  iron.  Tha  aama  procedure  but  a  diffarant  fraraa  configuration  waa  uaed  to  call...  '*» 
the  \  rtical  component  of  tha  angle  iron. 

Typical  calibraiion  rurvaa  for  the  t  baam  and  angle  iron  are  ahown  in  Figurea  S  and  6.  Thia 
infi^rmation  la  preaented  aa  a  plot  of  recording  galvanometer  deflection  veraua  applied  load.  The 


Figure  9  Typical  calibration  curve  Figure  9  Typical  calibration  curve 

for  tha  I  baam.  for  tha  angle  iron. 

galvanometer  la  activated  by  tha  alactricat  (•Ignat  from  tha  atrain  gagaa,  which  fa  proportional 
to  the  applied  load. 

REQUIRED  DATA 

Tha  primary  data  required  wara  net  force  veraua  lima  racordlnga  of  aach  baam.  Since  a 
aimply  aupported  baam  was  daairad,  cart  wan  asarcfaad  to  obtain  auch  a  aupport  ta  tha  field. 
End  plaiaa  wara  mounted  over  aach  and  *4  the  teat  mambara.  Thia  gava  an  approsimntton  of  a 
iwo'dimansional  baao  and,  if  tha  flow  ahould  yaw,  no  loading  would  ba  aipariancad  on  tha  anda 
of  the  mambara.  With  tha  1  baama  oriantad  normal  to  tha  flow,  any  forcaa  parpandtcular  to  tha 
baama  wara  conaidarad  to  ba  aagtlglbla.  Tha  angla  Iron  aanaad  tha  normal  horisoolal  forca  and, 
in  addition,  tha  vartical  (ores. 

Thaat  forces  wara  racordad  by  tha  BRL  mhgaattc  tapa  racordar  daacribad  in  Rafarancaa  IS 
and  19.  Tha  tapa  waa  thaa  playad  back  aad  tka  aigaal  waa  prtntad  oa  oaclUograpkic  papar  la  tka 
form  of  a  daftaciad  traca  (whick  rapraaaatad  forca)  varaua  tima. 

Sinca  tka  baaoia  wara  undampad,  atroag  oacUlatloaa  faupartmpoaad  oa  a  maaa  daflaction) 
wara  pravalanl.  Bacauaa  of  tka  aimllartty  to  aituallona  aatatlng  wttk  cartatn  othar  gagaa  uaad 
at  BRL,  data  raductioa  waa  handlad  by  tba  aama  maana  aa  uaad  for  tkaaa  gagaa. 
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U  the  output  (if  *^c  oaciUating  Rage  is  recordeJ  linearly,  an  envelope  of  the  cacillation  can  be 
constructed  by  juininR  each  maximum  peak  nUr  the  aucceedinc  one-  Likewise,  the  minimum 
peAks  can  be  joined.  An  averaRe  of  thi%  cnve'ope  will  be  the  corr'ft  displacement  or  force. 
However,  the  recorder  used  was  non -linear.  This  dictated  a  linearization  of  the  trace  before 
the  envelope  could  ue  drawn. 

The  linearization  and  averaginc  were  done  simultaneously  by  the  high-speed  digital  computer, 
the  OKOVAC,  at  BRL.  A  complete  and  detailed  treatment  of  this  type  reduction  can  be  found  in 
Appendix  B,  i Reference  2i>  . 

The  only  data  required  from  other  projects  were  the  basic  blast  measurements  from  Project 
RESl'LTi  AND  DISCISSION 

The  deviation  between  actual  ground  zero  and  Intended  ground  zero  resulted  in  an  unexpected 
flow  lirection  and  unexpected  overpressures.  However,  all  Instrumentation  functioned;  though 


Figure  7  Drag  force  versus  lime  for  Sites  Able,  Msn-Msde  Islsnd  2,  and  Dog, 
n-:  drag  force  sensed  by  1  beam. 


some  of  It  not  adequately.  8>nce  simple  supports  were  used,  if  one  support  failed  to  give  an 
adequate  or  reliable  signal,  the  other  support  reading  could  be  extended  and  used  as  a  basis  for 
a  total  reading.  Puithermore,  in  the  esse  of  the  I  beam,  there  were  two  bridges  per  sensor 
which  made  It  possibte  to  assess  the  scrurscy  of  the  reading. 

On  Site  Able,  drag  forces  were  obtained  for  the  I  beam  and  both  drag  and  lift  forces  were 
oMained  for  the  angle  iron.  On  Man-Made  Island  I,  drag  and  lift  were  both  obtained  for  the 
angle  iron.  The  1  beam  instrumental  ten  on  Man-Made  Island  1  did  not  function  properly  in  that 
tm>  channela  had  abnorsMl  shifts  and  the  other  two  channels  were  low  smpllliide  with  s  higb 
noise -lo-signal  ratio.  On  Man-Made  Island  I,  drag  forces  on  both  beams  were  obtained.  On 
file  Dog,  drag  forces  were  obtained  for  the  •  beam  only.  The  instrumentation  on  the  aiwle  iron 
St  Site  Dog,  because  U  sms  not  shielded  •m  the  correct  direction  tor  tkeraml  radiation,  failed 
to  function  properly.  The  signal  drifted  out  of  the  calibrated  range. 

The  measured  peak  drag  and  lift  forcea  of  eacn  etalton  are  Hated  in  Table  S.  '■'igure  7  shows 
the  drag  force  versus  iibm  recordings  obtained  from  the  I  beam  atatlr,ns  on  Site  Able,  Man- 
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Made  UU'id  2,  and  Site  Dog.  Th«  recording  from  Man>lllad#  toUnd  2  ah^wa  a  pronounced  e(« 
feet  ul  the  reftreted  preaaure  from  the  Project  3.1  atructure  directly  behind  the  teat  beama. 
The  deatgn  of  the  anglc*iron  auppurta  «ma  auch  that  once  the  beam  waa  loaded,  it  did  not  ahuer 
a  typical  recovery  from  the  traneient  dy.tamic  loading.  Therefore,  only  peak  force  luadinga 
were  judged  to  be  reliable,  and  no  force>time  htatoriea  were  conaidered  warranted. 

The  decree  of  relubility  of  the  drag  and  lift  coefficienta  obtained  depended  mai.ily  on  the 
correct  rcaolution  of  'hr  dynamx  preaaure  experienced  by  the  teat  memt>era.  Since  an  angle 
ol  deviaticn  of  flow  occurred  at  each  atation,  the  full  impact  of  the  free  atream  preaaure  waa 
not  felt  t*}'  the  teat  membera.  Becauae  the  teat  membera  could  only  aenae  forcea  in  the  aame 
dirrciion  aa  tnc  aenaora,  only  that  part  of  the  flow  which  waa  normal  to  the  beama  wax  conaii!> 
ered. 

Dy  ain>c  preaaure  (Q)  waa  defined  aa: 

Q  •  S»>v*  (1.3) 

Ikltere:  Q  •  Meaaured  free  atream  dynamic  preaaure 
o  Denaity  of  air 

V  >  Particle  velocity  behind  the  blaat  wave. 

Q.  being  a  preaaure.  la  tnerefore  a  acatar  and  cannot  be  reaolved  into  componenta,  whereat 
particle  velocity  la  a  'ector  and  can  be  reaolved.  The  particle  velocity  normal  to  the  beam  la 
f-r  product  of  particle  velocity,  and  the  coaine  of  the  angle  of  yaw.  Subatitutlng  thia  value  li 
the  above  equation,  the  equation  becomea: 

Q'  *  |i  ( V  coe  (M* 

O'  *  ( CO**  ^ 

or  O'  •  Q  coa*  (1.4) 


Uhere:  Q'  «  Corrected  dynamic  preaaure. 

Q  <  Meaaured  free  atream  dynamic  preaaure. 

«  •  Angle  of  yaw. 

Thia  method  ^-aa  uaed  in  determining  tne  drag  and  lift  coefflcleit  in  Table  3.  A  aample  cal* 
culation  of  a  drag  coefficient  la  aa  followa: 

I  beam  Yaw  angle  •  12  deg 

Sue  Able  Frontal  area  •  1.132  anuare  inchea 

Peak  drag  force  •  l,luO  pounda 
Computed  Q  -  0.40  pei 

Cg  •  ^  or  . 

HOC 

’  JTiiiiiTTg'WtiT 


Cg  .  2.3 


CONCLUSIONS 

The  inatrumenta  dtaigned  for  meaauring  drag  loading  on  alnictural  membera  on  Shot  Cnero* 
kee,  although  primarily  unidirectional,  reapondaa  well.  Three  of  the  four  1  beam  gage  i  gave 
uaabfe  recordinga.  fbaaidertag  the  angle  treoa,  lh.ee  of  the  four  g^aa  gave  uaaMe  d-ag  dau 
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TAaLL  3  rUtAL  (JMAG  DATA 


An|(i(  liun  J  2.  <11  AMi' 

il.llt  J.73.  3Un-M.i>k' I•i4n<l  No. 


«nd  iwo  o(  the  four  gagra  gava  uaablt  lift  data.  Only  the  peak  forces  were  read  froir  the  angle* 
iron  recordings  since  they  experienced  signal  shifts  when  loaded. 

Steady*state  drag  and  lift  coefficients  compare  with  those  obtained  on  Operation  Redwing  as 
shown  in  Table  4. 

Tr.^  dy.umic  coefficient*  ihown  in  Table  4  were  obtained  for  beams  at  various  angles  of  yaw 
by  applyi'ig  the  correction  i.  ithod  outlined  in  Equation  1.4.  Since  these  values  should  closely 
approximate  values  which  would  liave  been  obtained  had  the  flow  been  normal  to  the  beams,  it 
IS  apparent  that  the  method  may  be  applied  to  predict  the  loading  on  angle  beams  and  1  beams  at 
angular  orientations  to  flow. 

RECOMMENUATIONS 

Although  there  is  a  paucity  of  data,  the  author  makes  the  following  recommendations: 

1.  In  any  further  Investigation  of  drag  loading  on  structu'al  members,  part icifMU ion  should 
be  o:ily  on  ground  bursts  or  tower  detonations.  This  would  assure  flow  normal  to  the  members. 

2.  If,  however,  an  angle  of  yaw  is  experienced  on  a  unidirectional  drag  target,  the  meas¬ 
ured  free  stream  dynamic  pressure  should  be  corrected  by  the  square  of  the  cosine  of  the  yaw 
angle  before  drag  coefficients  are  computed. 

i  Modifications  should  be  made  on  the  angle-iron  instrumentation  to  prevent  the  signal 
shills.  Since  horixontal  and  vertical  forces  are  required,  two  angle  stations  should  be  instru- 
mented.  One  station  should  measure  the  horixontal  force  w>hile  restricting  the  vertical  force 
the  other  should  measure  the  vertical  force  while  restricting  the  horiaonUl  force. 

The  I-beam  instrumentation,  as  a  whole,  functioned  adequately.  Slight  modifications  of  the 
sensor  bearings,  in  order  to  facilitate  Installation,  vould  be  worthwhile. 

4.  If  operationally  feasible,  further  experimentation  should  be  undertaken  In  orUe.*  to  supple 
ment  and  verify  the  existing  data  under  nsore  ideal  input  conditions. 
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Port  2 

SPHERICAL  GAGES 


OBJEcrrvES 

The  objective  of  Part  2  of  Ptoject  l.S  was  the  study  of  the  formation  and  nature  of  the  drajc 
forces  exerted  on  spheres  tn  the  transient  flow  fields  foUowini;  long -duratton,  classical  blast 
waves.  !n  accordance  with  this  objective.  It  was  desirable  to  compare  the  results  obtained  on 
the  Operation  Teapot  sphere  tests  (Reference  20)  with  those  achieved  here  in  an  attempt  to  de¬ 
termine  the  effects  of  wave  duration  and  dust  loading.  Also,  It  was  of  interest  to  test  for  scal¬ 
ing,  between  two  sites  of  spheres,  based  on  Reynolds  number. 

BACKGROUND  AND  THEORY 

Ti  e  need  for  drag  studies  has  arisen  as  the  >*•'  ttlon  of  blast  wnves  has  Increased.  Tlie  aero¬ 
dynamic  drag  forces  produced  by  the  flow  follow .n^  a  blast  front  assume  increasing  importar.ee 
in  causing  damage  to  many  targets  (see,  for  example,  Part  3  of  this  report)  as  the  time  interval 
over  wrhtch  they  are  exerted  Increases.  Test  shots  in  Nevada  producing  shocit  waves  whose 
parameters  were  not  apparently  amenable  to  prediction  by  the  Ranklne-Hugonlot  relations  pointed 
up  the  eed  for  direct  measurements  of  drag  forces.  Such  loading  measurements  would  have  to 
provide  data  which  would  allow  theoretical  or  empirical  predictions  of  damage  from  a  glvvn 
atomic  detonation. 

Accordingly,  on  Operation  Teapot,  two  project  groups  were  organized,  one  by  the  Naval 
Ordnance  Laboratory  (NOD  and  one  by  the  Ballistic  Research  Laboratories  (BRL)  and  their 
purpose  was  to  investigate  methods  for  making  the  direct  measurements  required.  Both  groups 
chose  to  use  simple  geometrical  shapes.  BRL  interest  was  restricted  to  spheres  of  3-lnch  and 
10-(nch  diameter,  while  NOL  used,  in  addition  to  spheres  of  these  two  sizes,  rectangular  boxes 
and  two-dimensional  cylinders  (Reference  23).  The  gages  were  arrayed  on  three  blast  lines 
whose  surfaces  were  treated  to  give  respectively,  clean-air,  classical  blast  waves:  clean-air 
precursor  blast  waves;  and  dust -laden  precursor  blast  waves.  The  effects  measured  In  the 
clean-air,  classical  waves  wrere  to  be  usc.f  both  as  a  standard  for  comparing  the  resulta  from 
the  othor  wav*  types  as  well  as  a  basis  for  comparison  between  the  drag  characteristics  of  a 
sphere  determined  In  steady-state  wind-tunnel  work  with  those  found  in  the  transient  flow  fields 
accompanying  blast  waves. 

Because  of  unforseen  loading  of  the  clean-air  shock  waves  and  interaction  between  the  waves 
on  adjoining  lines,  need  for  further  work  with  truly  clean-air  waves  was  indicated. 

Consequently,  participation  on  Operation  Redwing  at  the  EFC  was  planned,  for  there 't  was 
felt  clean-air  waves  could  be  expected.  *f!lL  participation  was  plann^  for  a  multi-megaton 
shot  giving  long  blast- wave  durations  (Reference  23),  while  NOL  participation  was  planned  for 
a  multi-klloton  shot  having  durations  more  nearly  comparable  to  those  for  the  Operation  Teapot 
MET  shot.  Thus,  it  was  hoped  that  an  indication  of  the  effects  of  decay  rates  might  also  be 
shown. 

The  study  of  ths  formation  and  nature  of  drag  forces  on  spheres  la  a  transient  flow  field  can 
be  mads  most  effectively  by  comparing  the  usta  taken  under  transient  conditions  with  data  from 
steady  flow  wind  tunnels.  To  make  such  a  comparison,  ons  must  simply  present  the  two  sets 
of  data  In  compatible  form. 

!t  Is  usual  to  present  drag  data  In  a  non-dimensional  form  to  allow  scaling  between  objects 
placed  la  flow  fields  of  various  characteristics.  For  low  velocity  flow  (less  than  Mach  0.3)  the 
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must  gi  iMrsl  form  is  a  plul  uf  lh«  lucsrithm  of  drsc  rosfticisnl,  Cq,  vsrsus  ths  logsrithm  of 
Ksynulds  numtivr,  R  iRrfsrsncs  21) 
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Ikhrrv  d  '  A  I'hararterislir  dimension  of  0^9  <thr  sphrrs  dismrlrr  is  usedi 

I  •  Tite  dfnsity  ul  ‘hr  mrdium 
V  Thr  vriority  of  Ihr  nirdium 
f  Thr  Viscosity  of  thr  mrdium 

Sincr  no  itsicr  to  measure  the  viscosity  of  air  has  been  developed  for  nuclear  field  tests.  Key* 
nolds  numlier  for  these  tests  cannot  be  directly  determined.  Instead,  as  on  Operation  Teapot, 
the  use  of  dynamic  pressure.  Q.  instead  of  Reynolds  number  was  decided  upon.  The  resulting 
presentation  is  similar  to  the  usual  one  and.  when  its  timitat'ons  are  considered,  a  number  of 
inferences  may  be  drawn  from  the  comparison  uf  the  two  iRefeience  20).  Figure  8  shows  a 


Figure  6  Typical  logarithmic  plot  of  drag  coefficient 
<Cq)  versus  Reynclds  number  (R)  for  spheres. 

plot  of  log  Cq  versus  log  R  taken  from  wind  tunnel  data  while  Figure  26  shows  a  plot  of  log  Cq 
versus  log  Q  taken  from  Operation  Teapot  data.  It  ts  apparent  ftom  its  '■lope  and  |:‘ositlon  that 
the  Operation  Teapot  curve  is  restricted  to  a  plot  of  Cf)  values  occurring  at  flows  having  Rey> 
nolds  numbers  leva  than  critical.  (The  critical  Reynolds  number  is  usually  defined  as  corrs« 
•ponding  to  a  drag  coefficient  of  0.3  in  the  rapidly  changing  portion  of  th«  c  irva. ) 

Also,  by  plotting  curves  of  lug  Cq  versus  log  Q  for  various  lime  segments,  changes  in  ths 
relation  between  the  two  varubles  during  various  stages  of  the  blast  wave  may  bs  illumlnsisd. 

Finally,  the  log  Cq  versus  log  Qq  presentation  ts  useful  in  investigating  ths  scaling  relation 
between  two  spheres  of  different  sues  at  ths  same  station.  Since  ths  Reynolds  number  depends 
on  the  obfect  sue.  wtiiie  the  dynamic  presaurt  does  not.  for  a  given  Q.  Reynolds  I'umbsr  will 
vary  i>i  proportion  to  ths  tltea  of  ths  objects.  Hencs.  at  a  given  station  ths  3-tnch  ephsre  ei> 
penences  a  flow  having  a  Reynolds  .lumber  V|«’s  of  the  Reynolds  number  for  a  10>lnch  spnert. 

A  plot  of  log  Cq  versus  log  Q  for  a  3>lnch  gage  would  then  be  translated  along  ths  log  Q  sau 
rvUlive  to  a  similar  plot  for  a  10«lnch  gage,  if  Reynolds  number  scaling  u  applied. 

OPKRATIONt 

Two  drag  gagn  ataliona  were  conatructed.  one  on  Site  AUe  and  one  on  Site  Dog  for  eapoeure 
to  Shot  Cherokee.  At  each  atalton,  one  10-inch  diameter  gage  and  two  S-inch  dismstcr  gag** 
werr  mounted.  L'pon  rompletton  of  the  necessary  hookups  to  the  recording  eguipmenl.  the  gages 
were  •isticslly  calibrated  over  the  range  of  forces  prsdictsd  on  ths  basis  of  thsir  positions. 

LNSrRLMCNTATION 

Drag  Cage.  The  gage  was  esseuully  s  sphsrlcal  shall  cowplsd  to  a  rigid  support  sting  by 
a  3><limensionsl  ssnsing  slsansnl  (Fifurt  t).  TIU  ssnsing  slsaunl  oas  a  ssnsttivs,  coaipaci 
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u'ut  madr  >  I  «  aluminum  UnuB  ?.«>ld  in  place  i>el«'een  the  »tin<  and  a  crnler  ring  ( Fidvrea 
10  and  11'  u'  drr  a  i  >  mpri'«imr  lorro  lari:rr  lhan  anv  to  lie  iivpmaed  upon  the  tcaite  liy  eitcrnal 
ellecta.  Ihe  leai^  i  rraulted  in  a  tiatse  navind  a  hiith  'Ulural  IreiiueiKy.  a  aiippade'lree  aclun, 
and  inherent  ta^e  i  I  l>eind  damped. 

In  !he  at -real  ,H<Biti  >n  all  Imaa  aere  equally  atreaaed.  but  »hen  an  external  lorre  vaa  applied 
to  the  iiade,  the  »treaa  in  ai  me  linaa  waa  mrreaaed  and  that  in  v'thera  araa  decreaaeo.  Strain 
tia»;ea  mcunled  'n  the  linaa  aenaed  these  v  hanitea  and  lonverted  them  to  rerordable  electric 
»i»:nila.  The  tta^e  *as  i  '>nptruc  ted  with  lour  lioat  patallel  to  the  axial  direction  (axis  o(  the 
•ti  'at’.  twni  parallel  to  the  verto  al,  and  two  (Wirallel  |.«  the  transverae. 

F -ikure  li  IS  a  si  hematic  dia^iram  of  a  drait  satte  suspended  on  three  paira  of  prei  (impressed 
linxs  ancht  red  at  the  renter  of  the  sphere.  It  illustrates  a  system  capable  of  sensinn  three* 
dimensu  nal  lorces,  but  otleri>i|c  virtually  no  opposition  to  torsional  forces.  A  small  toraional 
force,  such  as  could  l>e  pri>duced  by  mount  vibrations,  vwiuld  disassemble  the  Kdd** 

To  prevent  this,  the  HRL  was  constructed  with  lour  link  pairs.  Instead  of  lyinf  on 
concurrent  lines,  these  translated  outward  from  the  center  of  the  iiatte  to  allow  production  of 
moments  oppusiod  any  torsional  mikion.  Figure  13  is  a  schematic  drawing  showing  the  dis* 


Figure  9  Three 'inch  spherics'  drag  gage. 


placement  of  the  Itnke  from  tero  along  the  X  and  Y  or  X  and  Z  axis.  The  links  are  represented 
t  v  the  arrows,  the  an.  wheade  (vuint  in  the  direction  ut  the  force#  applied  to  the  eting  as  a  re¬ 
sult  of  the  precompression  of  (he  linke.  The  ephericsl  shell  (not  shosnti  wm  attached  to  the 
ring  and  completely  surrounded  the  mechaniem. 

The  configuration  illustrsttl  was  stable,  inaemuch  as  a  force  applied  anywhere  on  the  surface 
>f  the  aphere  suuld  simply  cause  a  redistribution  of  stresses  tn  the  varioue  links  so  that  an 
•itosl.  i>ppnsing  force  was  created. 

tkhen  an  external  force  was  applied  to  (he  gage,  it  changed  the  length  ol  the  links  parallel  to 
lie  direction  .jf  action.  Because  the  diaplaceaent  of  the  gage  was  extremely  small  and  becauaa 
ea>  (I  link  was  mounted  between  pieiXa,  action  of  this  force  on  the  links  perpendicular  to  U  was 
negligible.  If  a  torsional  forre  was  applied  to  the  shell,  all  of  Ihe  links  aasumad  new  stresses, 
Ixil  no  electrical  output  was  registered,  since  the  strein  gage  bridge  connection  givii^  moat- 
aenailive  ouip«a  for  pure  force  loade  also  gave  sero  output  for  loraion.  The  Unas,  shown  in 
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Figurt  to  Ortali  of  link  mounting  and 
oritntation  (or  J«lncli  nptwrc. 


Pigvr*  II  Dotall  of  link  arnaing  mnckMinm; 
lO'inck  drag  gaga  witfe  raar  half  of  ahtU 
ramovad. 


M 


SiCIIT 


Ficurv  12  Schematic  diaphrafm,  drag  (ace 
•uapended  on  three  paira  ol  precompreaaed 
linaa. 


AltAC 

I 
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Figure  19  Schaoiatlc  dravtng,  drag  gaga 
ahowtng  diapUeamant  of  the  liniu  along  the 
X  and  Y  or  X  and  Z  aata. 
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Figure  14.  »«re  loadrd  off  Ihrir  mitruicUl  amb  to  rfiv*  »  bram-rolumn  rffrct.  Dampinc  of  tht 
kAice  iisrtllAtioaa  *aa  oiaainrtl  t>v  inlrrmarhad  braaa  iravra  0.004  inrii  thick  attached  allernateljr 
to  v'ppuaite  enda  of  the  lota.  The  aurlace  of  each  atrip  waa  coated  with  {>)«  Corninp  high* 
t  iac'i<aitv  Biluone  i<il  ao  that  «hen  relative  motion  between  the  braaa  alripa  occurred  under 
llaituatintc  lina  K<ada.  ciacoua  ilami'inic  I  'rrea  were  tacitl  up  between  the  atripa.  There  waa 
alRii'at  no  atatu'  fru  tion  Itrlween  the  atripa.  iMit  on  the  very  aenailive  gagea  uaed  at  Stte  IXig 
there  waa  rnougn  preaeni  to  rauae  alight  gage  hyatereaia. 

ShocK'iulw  leata  rondurted  on  the  3-inch  diameter  gagra  ahuwed  that  the  gagea  had  a  higher 
lat viral  Itrdui  .c  v  o^OO  e  pa'  higher  output  igreater  than  30  mv  with  a  20  v  It  power  aupplyi  and 
more  adequate  damping  than  the  UKL  drag  gagea  uaed  during  Operation  Teapot. 


Mouitia.  The  gage  mouida  conaialed  of  three  6*inch  double  eatra  heavy  pipea  eatending  3 
(eel  above  ground  and  embedded  4  feet  apart  in  concrete.  The  aboveground  pipe  enda  were 


Figure  H  S'lncli  dragi^aga  aeaatng  link. 

cut  at  a  4S  degree  angle  to  allow  the  field-weld  tnetatlatlon  by  the  contractor  of  a  tapered  gage 
aiing  mount  auppiied  by  the  project.  The  mount  was  conatnicied  of  6-tnch  diameter  solid  steel 
stock  and  tapered  to  the  diameter  of  the  flared  section  of  the  gage  ating  (see  Figure  111. 

The  gage  aiing  was  inserted  into  a  bored  hole  In  the  mount  and  held  in  place  with  set  screws. 

A  cable  •junction  boa  was  installed  in  the  concrete  base  with  cable  conduits  running  from  the 
boa  to  the  pipe  for  (acilUaiing  cable  hookup  and  calibration  work.  A  typical  station  is  shown  in 
Figure  1$. 

Calibration.  All  spherical  gagea.  after  installation  in  the  field  and  connection  to  the  record* 
ing  eyatem  cablee,  were  stattcally  calibrated  tn  eu  directions  along  the  three  sensitiee  aaeo. 
The  calibration  rig.  Figures  16  and  17.  constated  of  a  rigid  frame  attached  to  the  gage  atiag 
and  supporting  two  pneumatically  operated  piston  sasemblies.  The  frame  waa  rotated  ao  that 
one  piston  applied  force  on  the  eguator  of  a  sphere  at  the  proper  points.  The  other  piston  tms 
oriented  to  apply  force  along  the  aais  awajr  from  ground  aero.  The  piston  was  mads  airtight  by 
the  use  cf  a  Bellofram  convoluled-diaphragm-type  seal.  Air  was  suppllsd  to  it  from  s  4S0  psi 
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rifur*  II  J-lneli  4rac<oc*  ctltbrator  tii 
posltUNi  for  flold  collbraltiMi  of  rortical* 
gift  compomnl. 
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tank  lhrou«h  rvftuUtora  (ivinf  a  ran«r  o(  prvaaurea  Irum  0.2  tnch  >>(  wat«r  to  SOO  pat.  TH« 
prraauraa  avrv  read  on  dial  navtna  2  percent  accuracy.  The  ralibraiur  (or  the  I0*inch 

•pherea  «aa  lariser  and  heavier  than  that  (or  the  3*inrh  apherea  and  it  had  a  Larger  actuator* 
piston  area  so  thai  the  san^r  reiiulator  and  itage  ayatrm  could  be  uaed  interchangeably.  The 
actual  (orcrs  developed  were  found  aa  the  pr.Klutt  ••(  the  preaaure  and  the  e((ective  piaton  area. 
An  accurately  catiOralcd  tO.l  (lerrent)  Ualdmtn  SR*4  load  cell  waa  uaed  to  double  check  the  cali- 
hration  ot  ine  system. 

S  me  loss  of  accuracy,  noted  (or  low*lorre  calibrations,  was  attributed  to  atiKnesa  <>(  the 
I>clio!ram  seal.  However,  bv  applying  pressures  to  the  calibrator  which  would  produce  a  se* 
^w.e(ice  ti(  force  values  which  oscillated  about  anu  alow!>  approached  the  desired  value,  the  effect 
oi  the  stitiness.  as  well  as  the  ef'ect  o(  static  friction  in  the  gage,  could  be  minimised. 


Figure  17  Detail  of  positioned  9-inch  drag* 
gage  calibrator. 

The  calibratora  were  uaed  in  the  field  by  adjustment  ol  the  regulators,  the  forces  requested 
from  the  recording  shelter  were  applied  and  held  constant  until  the  proper  recording  mechanism 
adjusimenis  were  made.  Calibration  forces  in  »acli  direction  were  applied  as  shown  in  TaL<le 
5. 

HL'QltREO  DATA 

The  only  data  required  <4  the  drag  gages  were  curves  of  net  force  versus  vime  along  the 
three  mutually  perpendicular  axes  ol  the  gage. 

T^e  auxiliary  data  required  was  a  plot  of  dynamic  pressure  versus  time. 

This  data  was  recorded  by  the  magnetic  tape  recorder  system  described  in  References  Id 
and  19.  The  magnetic  tapes  on  which  the  data  were  recorded  were  played  back  through  aa 
oscillograph  recorder  which  presented  the  data  on  a  roll  of  7>tnch>wids  photographic  paper. 
Timing  pulses  marking  l'  ,-mser  intervals  and  a  aero  time  pulse  were  also  displayed  with  the 
data  trace. 

The  data  was  read  on  a  projection  type  data  reader  equipped  with  movable  cross  hairs.  The 
positions  of  the  cross  hairs  were  expressed  numerically  by  an  electronic  device  and  the  values 
so  obtained  were  automatically  punched  on  IBM  cards.  In  this  manner,  the  coordinates  of  all 
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ihf  pvAiM  on  ihr  rvcor<la  wrr«  (MvriPinvd.  Th*  IBM  card*  w«re  than  (ad  into  the  OROVAC 
hitih  apaail  di.'.ila!  compular  and.  with  ch<.>  proper  procrammin^  ami  the  miruductton  oi  the  call* 
I’ra.ion  data.  I  Imearited  and  anioothed  the  record*.  A  dracription  ol  thia  proceaa  la  given  in 
A'^iendia  U  ol  Heference  20 

Aa  received  Ir  jm  the  OKDVAC.  the  data  r  •preaented  the  forre*  measured  along  each  o(  the 
three  onnc.pal  aais  ol  the  gage  It  waa  origi.  ally  thought  that  aimple  vector  manipulation* 
wi'uld  aullice  to  detern.ire  the  magnitude  and  i  irection  of  the  totai*(orce  vector,  however,  re 
cent  •iKH-a  tape  testa  performed  in  the  DHL  24  inch  shock  tube  have  shown  that  the  desired  re> 
Suits  may  nm  lie  otkamed  tiy  Ihia  mettvid.  As  t  >e  angle  iietween  the  (low  and  the  axis  of  Itic 
sting  increases  aim  ve  a  few  degrees,  the  atirgt  aeriously  nilecta  the  flow  and  the  tiHal  force 
changes  as  a  function  of  the  angle.  It  was  found,  aa  an  empirical  result,  that  the  axial  comm* 
neni  1 1  measured  force  varies  little  from  the  |  roduct  « I  the  predicted  ttheoretical)  force  and 
the  cosine  ol  the  previously  mentioned  angle. 

The  method  used  in  otMaining  the  total  force  from  the  field  data  was  directly  based  on  the 
shoes  tube  experiments  the  axul  measured  force  value  was  divided  by  the  cosine  ol  tlv*  angle 


T\Plt  .  CAIIBHATION  Pli|>  iS  FOR  J-IncM  AND  I  ■  INCH  SPHl.nis 
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bet  ween  the  assumed  ilew  direction  snd  (he  direction  cf  the  axia  of  the  gage  eting.  The  euppoeed 
flow  direction  was  radial,  emanating  from  true  ground  tero. 

A  correction  was  also  necessary  to  account  for  th*  difference  In  preasur*  be* ween  the  inside 
of  the  gage  (atmoepherte)  snd  that  outside  th*  gag*  (side-oni  which  tended  to  (arc*  th*  eting  into 
the  gage  shell.  Thi*  wmuld  be  registered  by  th*  gag*  as  a  force  In  th*  asm*  direction  ae  the 
true  drag  force  and  having  a  magnUud*  P,a,  where  <*  sld*-on  bUet  preoeur*  and  a  I*  th* 
circular  croes  sectional  aiea  of  th*  sting.  B  4  apparent  that  this  atlnc  correctloti  force  amuld 
have  to  be  aubtraciad  from  the  indicated  force  to  give  the  true  drag  fdre*. 

RESULTS  AND  DISCUSSION 

Th*  reeuUs  o(  this  test  were  seriously  affected  by  th*  great  difference*  between  th*  pressures 
predicted  and  those  obtained  (Table  S). 

At  Sit*  Able  th*  eignal  recorded  was  about  V|*  that  eapected  and  was,  consequently,  little 
stronger  than  the  syatem  notae.  Also,  (he  corresponding  forces  did  not  aaceed  the  small  static 
forcea  which  esiated  m  th*  damping  leave*  by  a  targe  margin. 

At  Sit*  Dog,  the  pressure  a«s  almost  twice  that  ex.iected  and,  while  th*  averaged  drag  prea* 
cures  did  not  escred  those  calibrated  for.  In  torn*  cases,  peak  values  caused  by  mount  oecilla* 
lion  were  high  enough  to  overetress  th*  links. 
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At  Sit*  Doc,  aoiM  (U«  In  th*  9-tnch  gafc  (No.  4)  productd  occmkhioI  ttoript  cMincot  in  tli* 
rocord  diopUctMMl.  In  nuch  cnnnn.  tho  nmnct  aniount  of  tho  nnift  «u  nppn-’nnt  nnd  onond  on 
th*  Mnumpltona  tiint  th*  Mnnitivity  wan  unallrctrd  and  that  thv  oulpul  of  tli«  dap*  i  I'turnvd 
to  taro,  tha  aacir.ania  td  tha  curva  wara  tranapoaad  to  produca  a  continuoua  curva. 

Sttnf  corractiona  tntr.Ktgcad  a  proolam,  (or  in  aoma  caaaa  tha  product  of  aida>un  praaaura 
and  araa  waa  alinc-at  aa  targa  aa  tha  indicatad  (orca.  Sinca  tha  indiratad  lorra  la  aapactad  to  ba 
tha  aum  of  tha  truv  forca  and  tha  atin«  rorractton  waa.  it  may  ba  aaaumad  Chat  una  of  ihaaa  waa 
amall  in  tha  caaai  in  q.^atton.  Tha  ating  corratliun  la  dapandant  upon  tha  diflaranca  batwaan 
tha  praaaura  Irappad  'ra  da  the  aphariral  ahalt  and  that  outaida.  hara,  tha  blaat  praaaura. ' 

Thara  waa  avidama  that,  during  tha  2-waaa  pariod  batwaan  tha  r*ady  data  and  tha  actual 
ahot  data,  tha  cont  nuoua  action  of  tha  wind  cauaad  tha  ailicona  graaaa  aaal  batwaan  the  atinc 
and  tha  (aga  ahall  to  flow  and  to  ruptura.  Thua.  air  flow  paat  the  ating  and  into  tha  ahall  waa 
poaaibla  and  tha  ating  corraction  bacama  a  tima  dapandant  (aa  oppoaad  to  paramatric)  tuncton 

TABLE  •  MOST  PROBABLE  PEAK  DRAG  COEFFICIENT  VALI  t.S 


Sits 

Gage* 

Predicted  Values 

ActusI  Vslues  ■ 

Overpressure 

Dvnamic 

Pressure 

Oxerpressur 

Liv-na  line 

Orjg 

CxeKicienI 

psi 

psi 

psi 

Able 

10-1 

23 

10.6 

4.1 

0.3:15 

0.53 

Able 

3-1 

J.3‘>5 

0.81 

Able 

J-2 

23 

10.8 

4.1 

0.3!>5 

n  55 

0^ 

IC-J 

3.2 

0. 21 

Dog 

3-3 

3.2 

Dog 

•  3-t 

3.2 

0.28 

HBi 

■n 

*  First  nuir.tM-r  it  gaga  diamatar  in  inchaa  tacond  number  is  aerial  number 

•  Dynamic  praaaura  computed  using  Ranliina*Ni«oniot  relationa. 


ganarally  amallar  than  tha  aimply  otRatnad  aalua  tor  tha  aaalcd  gaga.  Sinca  tha  rata  of  praaaura 
riaa  inaida  tha  ahall  waa  dapandant  on  an  unknown,  tha  dagraa  to  which  tha  aaal  had  fai>ad,  and 
ita  daacription  waa  not  conaidarad  poaaib'a. 

To  invaatigata  laak  tima,  a  gaga  with  a  faulty  aaal  waa  placed  in  a  chamber  which  waa  filled 
with  air  to  a  praaaura  of  S  pal.  After  a  delay  aufliciant  to  allow  praaaui  a  inaida  tha  giga  to 
aqualiaa  with  Fsaaaura  antarnal  to  it,  a  diaphragm  m  iha  chamber  waa  ruptured  to  allow  almoat 
inatantanaoua  diaaipatlon  of  tha  praaaura.  Tha  g.iga  laak  time  traa  obaarvad  aa  the  duration  of 
out|Mt  on  tha  aaial  recording  channel.  Thia  time  waa  found  to  ba  a  amall  portion  of  Iha  Shot 
Cherokee  blaat  wave  duration.  Tha  teat  could  ba  conatdarad  only  an  approaimaticn  of  field  con* 
dtlUMia  alaca  there  waa  no  way  of  knowing  tha  actual  alias  of  tha  laaka  praaant  in  tha  fltld. 

•toca  tha  aaiatanca  of  dynamic  praaaura  aaamad  aulftciant  aaidanca  for  a  drag  forca  and 
alaca  tha  failure  of  tha  praaaura  aaala  aaaowd  quit#  certain,  it  waa  daamad  prudent  to  neglect 
ating  corractiona.  Thua,  only  a  abort  portion  early  on  tha  record  of  drag  forca  w>ild  ba  in 
error. 

Tha  dynamic  praaaura  gagaa  auffarad  from  tha  angle  alfacta  and  tha  amall  signal  amplUudaa 
80  that  no  direct  manauramants  of  Q  wet#  aaailabla. 

Tha  data  la  praaaalad  with  all  corrections  made.  Two  forma  of  data  prasantatton  are  used: 
tha  first  gtvaa  time  dependant  plots  of  drag  praaaura  maaaurad  along  tha  thraa  axes  and  tha 
second  glass  a  logarithmic  plot  of  Cq  rarsus  Q.  K  should  ba  notad  that  ttosa  plots  of  drag 
prtssurs  aaraus  tima  marked  aaial  haaa  basn  corrected  by  diatsloa  by  tha  coalaa  of  tha  yaw 


'  Bseauea  Oil  uaw  la  dUfleult  to  pr^ct  accurately  aaan  under  known  eundtUona,  It 
waa  eonatdarad  prafarafela  to  aaal  ika  gaga  and  uaa  a  au^  cerracuon. 
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an»lv.  to  (ivo  Iht  boot  ootimtt*  of  tota>  dra«  prooouro  valuoo.  TIm  form  of  ih*  curv#  ma  pr«- 
ct»«ly  aimilar  to  tha  lru«  aaial  drac  praaaura  curvt.  Th*  yaw  anfla  mtaao't'l  sr.  S;  t«  Aw>«  mii 
13  dagrvaa,  ita  coaint  waa  0.978.  TtM  yaw  anala  mcaaured  on  5tu  uo(  was  32  degress,  !ta  co¬ 
sine  waa  0.848. 

Thr  drag  roefficienla  were  computed  using  drag  pressurea  taken  from  the  corre«.(..d  a^ial 
drag  pressure  plots  and  using  dynamic  pressures  computed  from  side-on  pressure  values  with 
the  aid  of  the  Rs.ihine-Hugoniot  relation.  Drag-pressure  values,  taken  at  regular  intervals 
(generally,  each  300  msec)  were  divided  tiy  dynamic  pressures  computed  for  the  corresponding 
times.  The  use  of  the  Rsnkine-Hugoniot  relation  to  determine  dynamic  pressure  anywh' re,  ex¬ 
cept  at  the  shoes  front  was  incorrect,  but  the  art»roximate  results  obtained,  where  comparisons 
have  been  made,  were  not  found  to  differ  widely  from  directly  measured  values. 

The  results  for  the  10- inch  gage  at  Si' a  Able  are  given  in  Figures  18  and  24.  E\cept  for  the 
correction  to  the  axial  drag  pressure  values,  the  plots  ct  drag  pressure  versus  time  are  exactly 
as  received  from  the  smoothing  and  linetriaing  process.  In  order  of  descending  dynamic  pres¬ 
sure,  the  drag  coefficients  were  computed  at  the  following  times:  using  the  peak  drag  pressure 
value;  75  msec,  using  a  value  which  waa  the  average  of  the  apikes  occurring  at  the  first  of  the 
record,  200  msec,  using  a  value  corresponding  to  the  height  of  the  curve  just  following  the  oc¬ 
currence  of  the  spjies;  and  500,  1,000,  and  1,500  msec  using  corresponding  computed  dynamic 
pressure  values.  The  200  msec  value  was  chosen  as  most  probably  correct 

The  results  for  the  3-loch  gage  (No.  U  at  Site  Able  are  given  in  Figures  19  and  24.  Except 
for  the  correction  to  toe  axial  drag  pressure  values,  the  plots  of  drag  pressure  versus  time  are 
exactly  as  received  from  the  smoothing  and  linearising  process. 

Only  one  value  of  drag  pressure,  that  at  aero  time,  was  used  in  computing  a  drag  coefficient 
because  the  indicated  values  nad  become  negative  at  500  msec  and  would  have  indicated  negative 
drag  coefficients. 

The  results  for  the  3-tnch  gage  (No.  2)  at  Site  Able  are  given  in  Figures  20  and  24.  In  addi¬ 
tion  to  the  correction  to  the  axial  drag  pressure  values,  several  spikes  on  the  axial  and  ver*tcal 
records  were  smoothed  through.  These  spikes  first  appeared  long  before  the  detonation  and, 
because  of  their  regularity  in  time  and  shape,  they  could  be  attributed  to  a  tape-drive  defect  and 
smoothed  with  no  fear  of  their  being  representative  of  sn  actual  drag  pressure.  The  values,  in 
order  of  descenolng  dynamic  pressure,  were  taken  at  aero.  SOC,  1,000,  1,500,  2,000,  and  2,500 
maec.  The  value  taken  as  most  probably  correct  occurred  at  xero  on  the  time  scale. 

The  results  (or  the  10-lnch  gage  at  Site  Dog  are  given  in  Figures  31  and  25.  In  addition  to 
the  correction  to  the  axial  drag  pressure  values,  the  vertical  drag  pressure  plot  was  shifted 
downward  by  0.09  psl  eo  (hat  us  (Inal  values  coincided  with  the  base  line.  Similarly,  the  trans¬ 
verse  drag  preeaure  plot  waa  shifted  upward  by  0.02  psl. 

Only  (wo  drag  coefficient  values  were  determined  for  this  gage  since  drag  preeaure  values 
became  negative  after  900  msec.  The  value  of  drag  pressure  corresponding  to  xero  on  the  time 
scale  was  chosen  as  the  first  value  occurring  after  the  rise  and  not  the  spike  which  came  slightly 
later. 

The  results  for  the  S-ineh  gage  (No.  3)  at  Site  Dog  are  given  in  Figures  22  and  29.  In  addi¬ 
tion  to  kiM  correettoa  to  the  axial  drag  preasure  values,  the  vertical  drag  preaaure  plot  has  been 
shifted  upward  by  0.07  pel  eo  that  its  final  values  colncldsd  with  the  base  line.  Similarly,  the 
transverse  drag  pressure  plot  was  shifted  upward  by  0.09  pel. 

The  Indicated  drag  preesuree  dro.">ped  rapidly  so  that  only  the  first  of  tha  four  drag  coefficient 
values  computed  appears  plausible. 

The  reaulta  for  tho  9-lacli  gage  (No.  4)  at  Site  Dog  are  glreo  la  figures  33  and  29.  la  addi¬ 
tion  to  the  correction  to  the  axial  drag  preeaure  values,  the  segmeats  ct  the  curve  defined  by 
abrupt  shifts  In  gage  displacement  were  corrected  as  described  previously. 

Here,  as  la  most  of  the  previous  records,  the  drag  pressure  appeared  to  drop  rapidly  and 
the  drag  coefflcleal  values  dropped  wtth  corresponding  rapidtty.  Tha  most  probable  value  of 
drag  coefficient  vms  that  occurring  at  approxlamtely  aero  on  the  time  scale. 

Table  9  gives  (he  SMSt  probable  values  o(  drag  coefficient. 
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(Test  continued  on  Page  40. 1 


presature  versus  time  from  3-inch  spherical  drag  No.  I  on  Site  Able. 


pr«Mtirt  versa*  time  for  lO-incb  spbcricsl  drsd  gSKc  on  bile  Oig. 


•  inch  »|^rical  dra^  Ka((c  No.  4  on  SUc 


19  If  SIC 
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Figure  29  Lofarithintc  plof  ot  dra^  coe(/ici«nl  vrraua  dyitamtr  prraaure 
for  4.9  pai  aKlC'on  prcaaurc  region  (4,900  (eel  denerl  line  atali<<n,  Opera¬ 
tion  Teapotr. 


Ptfure  ahova  a  i>lat  of  lof  Cq  vtraua  log  Q  tor  a  S*lnc)t  gaga  at  4.500  t«t<  o«  tha  Ouat> 
UOaa'akr  Una  ot  Oiwration  Taapot.  Comparkaon  o|  iha  Oparatloa  Taapol  curva  with  tlioaa  for 
tha  Oparatkon  Radwkng  ruraaa  ahowa  Uttla  akmklarktf  aacapt  (hat  4rag  coaffkckania  lor  lha  Skta 
Ai>ia  gagaa  ara  in  (ha  aama  ganaral  ranga  (or  (ha  paak  aaluaa  ot  and  tor  (ha  Sk(a  Dog  gagaa 
are  conaidaraoly  lowar. 

CONCLLSIONS 

Tha  uk'jactivra  aal  down  (or  (ha  aptkarkcal  drag  gaga  im  aatkgatkona  «ara  not  achkavad.  Tha 
laving  condk(u'«*9  undar  which  K  waa  nacaaaary  lor  tha  gagaa  to  oparata  couplad  with  dubioua 
bahavkor  on  :ha  part  ot  tha  gagaa  raducad  attairpta  to  interpret  tha  data  to  apaculatkon.  A  tatiu* 
latiun  I'i  Moat  ProUaola  Paak  Drag  Coatlkckant  Valuaa  (Tabla  0  la  giaan;  howaaar,  tha  vaUta 
ahoold  not  iia  conaidorad  author itatiaa  but  rathar  attampta  to  diatkll  (rom  tha  atudy  any  tnlomv. 
(ion  which  indicatad  tranda  and  ganaral  bahaaior.  Tha  choica  ot  (haaa  aaluaa  araa,  in  aoma  ra« 
spacta,  arbitrary  with  paat  aaparkanca  kn  ralatad  atudtaa  aaraing  aa  a  guida. 

RECOMMENDATIONS 

Furthar  tasting  ahould  ba  carrkad  out  to  obtain  ciaaii*air  claaairal  waaa  data  kn  ordar  to 
bridge  tha  gap  batawan  ataad«*(low  wind  (unnal  data  and  tha  data  otataknad  on  Oparutkon  Taapot. 
Such  atudtaa  ahould  not.  hoswvar.  ba  undartakan  unttt  a  madkum  charactariati:  mora  adaquata 
than  dynamic  prat  sura  can  ba  datarnknad.  Baaic  inatrumanta  lor  maaaurtng  auch  vartablaa  aa 
medibm  danaity.  (kiat  danaity,  flow  aalocktkaa.  and  atacoaity  (which  ara  nacaaaary  kn  datarmiii* 
mg  Q  and  R)  ahould  ba  uaad  in  coniunctton  with  tha  drag  gagaa. 
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OBJECTIVES 


Part  3 

MILITARY  VEHICLES 


Th»  primary  ubjecttv*  of  this  part  of  Profcct  1.3  was  to  compare  vehlcl*  damage  from  a 
classical  siave  to  vehicle  damage  from  a  nonclaaaical  wave.  Specifically,  tne  variation  of  dam¬ 
age  owainvd  from  Shot  Lacrosse  ;39.3  kt).  Operation  Redwing,  and  the  damage  oMalned  from 
Shot  4  (43  kt),  Operation  Teapot,  was  to  be  inveatigated.  Both  shota  were  approximately  the 
same  yield,  but  a  precursor  effect  was  observed  on  Shot  4,  whereas  on  Shot  Lacrosse  no  pre¬ 
cursor  effect  was  observed  at  the  vehicle  stations. 

The  secondary  objective  was  to  obtain  further  data  from  a  wide  range  of  yields  (0.19  kt  • 
3.300  kt)  rod  over  the  surfaces  typical  of  the  EPC. 


BACKGROt'NO  AND  THEORY 

The  exposure  of  military  vehicles  under  free  field  conditions  dates  back  to  Operation  Buster- 
Jangle.  Data  from  this  and  succeeding  operations  have  been  used  to  construct  damage  prediction 
charts.  For  certain  blast  conditions,  further  significant  data  were  desired.  The  three  shots  on 
Operation  Redwing  used  for  jeep  exposure  were  chosen  to  supplement  the  previous  data. 

1.1  past  operations  it  has  been  shown  that  different  slse  trucks  placed  the  same  distance  from 
ground  xero  experienced  approximately  the  same  degree  of  damage.  On  Operation  Redwing,  the 
exposed  vehicles  were  all  old-type  (WW  Q)  V^-ton  trucks,  but  the  damage  data  are  applicable  to 
ail  ''4-(on  through  3-ton  trucks  and  serve  as  a  basis  for  estimating  damage  to  similar  drag- 
sensitive  targets. 


OPERATIONS 

Eighteen  World  War  O  jeeps  (trucks,  Vt-ton.  4  by  4,  utility,  Model  M.'«)  were  used  on  Opera¬ 
tion  Redwing.  A  preshot  vehicle-condition  Inspection  was  performed,  and  numbers  were  sten¬ 
ciled  on  all  major  components,  sheet  meui  sections,  and  vehicles  to  facllllste  postshot  Identifi¬ 
cation.  The  windshields,  canvas,  and  bows  were  removed  before  the  vehicles  were  placed  in 
position.  Station  ranges  from  ground  aero  were  chosen  on  the  basts  of  TM  33-200  (Reference 
24).  Sleel  stakes  were  driven  Into  the  ground  beside  the  wheels  of  each  positioned  vehicle  to 
facilitate  displacement  measurements,  and  each  vehicle  was  securrkf  In  that  position  by  placing 
the  transmission  in  reverse  gear,  the  transfer  case  In  low  range,  four-wheel  drive,  and  by 
engaging  the  hand  brakes.  The  poetshot  evaluation  consisted  of  Inspecting  each  vehicle  and 
measuring  displacements.  An  attempt  was  made  to  suit  and  operate  each  vehicle  where  prac¬ 
tical.  Vehicles  which  could  be  operated  within  one  man-hour  of  maintenance  time  were  consld« 
ered  to  be  immediately  cooUmu  usaMe.  Damage  levels  (light,  moderate,  and  severe)  as  well  as 
type  of  maintenance  were  selected  on  a  basis  of  man-hours  required  for  repair: 


Dimage  Level  Man-hours 


Type  of  Maintenance  Man-hours 


Light  0  -  1 

Moderate  1-32 

Severe  >32 


Organisational  0-9 

Field  9-33 

Depot  or  Sfelvage  >32 


DtSTRUMBNTATION 


Ten  vehicles  awre  exposed  to  Shot  Lacrosee,  a  surface  burst  of  a  39.9  kt  device.  The  vehi- 
clee  were  placed  m  pairs  at  five  stations  ranging  from  2,900  to  4,379  feet  from  ground  aero. 
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with  on*  vehicle  facing  into  the  blast  (FO)  and  the  other  broadside  to  the  blast  (SO).  These 
stations  are  indicated  ^n  Figure  A. 2  (Appendix).  Figares  and  2tl  show  the  vehicles  in  place 
and  the  t.eneral  ground  conditions  before  the  blast. 

The  exposure  of  leeps  to  Shot  Zuni  was  a  continuation  ui  the  collection  cl  damage  data  from 
multi-megaton  devices  begun  during  Operation  Castle.  Ten  vehicles,  including  two  recovered 


(a)  Stations  154.09  and  154.10 


(bi  Stations  154.11  and  154.12 

Figure  27  Ground  conditions  before  Shot  Lacrosse  (toward  ground  seroi. 

Shot  Lacrosse,  were  expcaed  to  Shot  Zunl.  Eight  vehicles  were  placed  In  pairs  (one  face- 
on  and  one  side-on)  at  four  locations  ranging  from  9,300  to  13,900  fee*  On#  side-on  vehicle 
was  placed  at  7,000  feet  and  one  side-on  vehicle  was  placed  at  19,500  feet.  Figure  A. 4  shows 
the  approximate  location  of  these  stations,  while  Figure  39  shows  the  vehicles  in  position  before 
the  blast. 
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(•>  Slalioii  1S4.04 


(V,  Station  114.0S 
Fliture  29  Continued. 


EititN  vnhiclna  wore  vapoaod  to  Shot  Yuma,  a  0.19  U  itovicc  detonated  from  a  2M>tool  tower. 
Previcua  to  thia  ahoC  the  loweat  yield  weapon  to  which  vehiclea  had  been  eapoaed  waa  approat* 
matel*  t  M,  and  it  waa  deairable  to  eatend  damaite  prediction  charta  to  the  fractional  tt  refton. 
The  <rehic'?a  were  placed  in  paira  at  lour  aiaiiona  ranitmic  from  150  feet  to  400  feet  from  croimd 
lero.  Tuture  A. 3  indicatea  the  appruximate  locationa  of  the  vehicle  ataliona.  Figure  30  ahowa 
vehiclea  in  place  before  the  anot. 

HCSW'LTS  AND  DBCVSSION 

Tablea  7,  9,  and  9  give  the  damage  evaluation  of  data  obtained  on  Shota  Lacroaae,  ZunI,  and 
Yuma,  reapectively.  Ftgurea  31,  32.  33.  34,  and  35  ahow  the  vehicle  damage  eape':enced  on 

iheae  ahot& 

COMPARISON  WITH  TM  23.200 

The  report  *'CapabilUiea  of  Atomic  Weapona**  (Reference  241  containo  a  chart  of  landamaga 
conloura  for  ocaled  height  of  bwrat  (HOB)  veraiia  acaled  ground  range  for  uoe  in  the  predictloa 

^  'Teal  ciHiiiniMd  on  Pagr  S5.  t 
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(bf  aiMinfi  tS4.10,  3,770  frM 
Figure  31  Vehicle  damage  oMained  on  Shot  Lacroaae. 
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(•I  aatlo*!  4.374  IMI 

ricvr*  31  CoMUMMd. 

M 

SECRIT 


9 


34  Vehicle  dentate  uhtained  on  Shu  Zuni. 


ol  cUma«v  IG  mtlitarv  vrhiclv*.  n>is  mart,  shown  in  Figur*  36,  was  ronsirurtrd  :>v  usr  oi 
>Uma4ir  irrsus  grouna  range  .'urves  derived  irum  the  data  accumulated  through  Operation  Teapot. 
The  isodamage  contours  in  the  regular  retlection  region  (or  the  nigher  HOB  were  oeternuned  Uy 
i'onsidering  the  damage  sensitivity  ol  vehiclsa  to  peatt  overpressure  as  well  as  to  the  mass  How 
k  I'n'.^Hinent  ol  the  tiiaat  wave.  The  isodamage  contour  lor  the  low  scaled  HOD  were  rs.^enually 
vertual.  Below  a  acaled  HOD  >>1  100  fo  only  a  lew  data  pkiints  were  available  so  the  i>i<dariage 
contours  were  rstended  to  rero  HOD  by  constructing  them  parallel  to  the  contours  vl  ideal  dv  iai.i* 
u  (  r**:  Hure.  Almost  all  the  NTS  vehicle  damage  data  on  which  this  chart  was  based  were  oUiai4ied 
.11  a  precur..or  region  where  pressure  wave  shapes  were  distorted. 

The  ground  range  lor  a  givrn  level  ol  damage  and  a  given  HOB  ha.«  tieen  (ound  lo  vary  with 
the  yielu,  w.  appr  iiintalely  as  w°  V  A  detailed  discussion  u(  the  chart  construction  and  the  en-  . 
tire  proolem  ul  dat  age  prediction  lor  vehicles  is  contained  in  Af''SVt'P  311  iRelerence  23). 

The  damage  data  oMr.ned  on  Operation  Hc-dwing  and  Operation  Teapu*.  Shot  4.  are  shown  in 
Figure  36  (or  coirparison  with  the  prediction  chart.  The  yield  (43  kll  o(  Shot  4.  Operation  Tea* 


pot,  was  similar  to  the  yield  of  Shot  Lacroeae  (39.3  ht)  of  Operation  Redwing.  Damage  to  the 
vehiclee  waa  eapresaed  aa  aeeere,  moderate,  or  ligM  in  accordance  with  the  level  of  mainte¬ 
nance  required  to  reoloro  the  eehicleo  to  comhal  use.  The  HOB  for  (he  shots  wa-  scaled  as 
wS  and  the  ground  range  was  scaled  as  w*'*. 

Aa  ahowa  in  Figure  Id,  the  data  from  BgR  4.  Operation  Teapot,  fits  tho  predicted  waves  very 
well.  However,  a  significant  decrease  la  damage  radii  tor  the  EPO  shoU  is  indicated. 

Also  ahowa  la  Figurt  96  la  the  orientation  of  oach  tost  vehicio,  whether  slde«on  (901  or  fact- 
on  (FO)  to  tho  blaal.  Thsre  was  an  indication  of  eatendod  damage  radii  for  the  80  vehicles,  aa 
would  be  expected  for  a  drag^nslltvo  target.  Tills  effect  appeared  well  tn  the  overlap  of  the 
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lUu  points  for  Thots  Zuni  snd  IccrosM  «v«ii  (touch  no  wvort  damnc*  wan  obUin«4  on  Lncronn*. 
A  simiUr  actiem*  was  indicated  by  th«  Shot  Yuma  data  points. 

CCMP ARISON  OF  DAMAGE  RADII  VCRSl'S  YIELD 

In  R»l»rrnc«  23  (ArsvCP  Sill  thr  d«macc  rsdu  (or  •eisrtsd  Isvtls  o(  damag*  oosenrsd  on  a 
numiwr  of  shots  on  previous  operations  were  eaamined  as  a  function  of  weapon  yield.  The  dam* 
age  radius  (or  a  selected  level  of  damage  (or  a  given  shot  was  determtred  by  esprcsstnc  the 
vehicle  damage  in  terms  of  10  categories,  and  plotting  damage  category  versus  ground  rang** 

The  category  for  light  damage  was  equated  to  0.1,  moderate  damage  to  O.S.  and  severe  damage 
to  O.d.  Further  descr  ption  of  the  categories  and  definuions  of  llgM,  moderate  and  severe  dam¬ 
age  are  given  in  Appendix  B. 

Damage  .  ategory  versus  ground  range  curves  were  plotted  (or  the  Operation  Redwing  surface 
sikxs.  The  ground  range  (or  30  percent  probability  of  moderate  damage  and  50  percent  proba¬ 
bility  of  severe  damage  were  ihen  estimated.  These  damage  radii  are  shown  versus  yield  of 
device  in  Figure  37  together  with  damage  radti  of  NTS  shots.  All  damage  radii  except  for  Shot 


Figure  37  Ground  range  versus  yield  (or  various  dasaagt  levels  (or 
EPC  surface  shots  and  NTS  ahote  of  low  scaled  height  of  burst. 

13,  Operatton  Teapot,  and  the  Operation  Redwing  shots  wore  (alien  from  AFSWP  511,  Figure 

20. 

A  line  Showing  the  variation  of  damage  radius  with  yield  raised  to  the  0.4  power  was  drawn 
through  the  NTS  data  points  in  Figure  37.  The  line  fUs  the  data  points  well  and  substantiates 
the  use  of  (his  scaliiM  factor  for  tbs  range  of  yield  measured.  11w  dsmsg*  radius  for  Shot 
Lacrosse  was  significantly  leas  than  (hat  of  tbs  corresponding  NTS  abate.  Wfhen  a  line  corre¬ 
sponding  to  scaling  damage  radius  of  w***  was  drawn  through  the  poiat  iw  Shot  Lacrosse,  u 
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iilirrtrcicd  ihr  data  iwsiits  tor  the  other  LPC«  surface  shots.  Hence,  the  NTS  shots  and  the  EPC 
•shuts  tornicd  t»x)  with  r*u(ereiu'e  daniaitr  radu  but  «ith  similar  sralm,;  properties. 

The  NTS  shots  wt-re  detonated  primarily  at  a  scaled  HOB  lie'.ween  100  and  300  leet,  »hile  the 
LPG  shots  co.nsidt  rtHl  sere  surfare  shots.  Hoaever.  under  ideal  conditions  the  data  i.-f  the  tao 
i;roups  should  overlap,  since  the  ideal  dynamic  pressure  and  dynamic  impulse  contours  ai  e  es- 
sentially  vertical  (or  a  ranv.e  ot  HOB  (r<>m  0  to  300  teet.  The  conrluston  that  the  ddlrrei.i.e  in 
daniaite  radii  observed  is  due  primarily  to  the  nonilassira*  disturb'd  save  shapes  ahich  occurred 
al  the  rant;es  <<(  si^niticant  vehicle  daniaite  on  the  NTs  shots  and  the  essentially  classical  aave 
shapes  ahich  occurreit  on  the  FPG  shots  is  turther  developed  in  sucret*din»;  paragraphs. 

D\'NAMIC  PRESSIRE  EFFECTS  ON  DAMAGE 

The  peak  dynamic  pressure  data  otitained  at  the  NTS  shosed  considerable  variation  Irom  the 
ideal  values  in  the  ranne  ot  interest  (or  damaite  to  vehicles.  The  peak  dynamic  pressure  data 


Ft^re  38  Peak  dynamic  pressure  versus  scaled 
ground  range 


recorded  at  the  EPG  are  shewn  compared  to  the  peak  dynamic  pressure  curvt  (or  ideal  condi- 
tiona  m  Figure  38.  The  pressures  have  been  corrected  (or  compreiaibillty  elfecta.  The  data 
points  are  ^cstlered  about  the  ideal  curve  and  show  that  the  pea«:  values  of  dynamic  pressure 
correspond  to  those  of  a  classical  wave. 

Eaaminatlon  of  the  pressure«ttme  s«ve  ferms  s  . w  dtaturbed  wave  ahapea  and  hence  a  pre* 
cursor  formation  on  Shots  Zunl  and  Lacrosse,  u  waa  nut  strung  and  did  not  estend  into  the 
region  where  eftects  on  vehicle  damage  radit  could  be  produced.  No  disturbed  wave  shapes  were 
observed  on  Shot  Yuma.  Hence,  the  damage  data  obtained  was  tor  esstr.  islly  classical  typs 

blast  waves. 

Figure  38  shows  that  peak  dynamic  pressure  scales  well  from  a  large  range  of  yields.  The 
fset  tliat  the  Shot  Yums  drus  obtstned  a  >caled  HOB  ot  S-IT  feet  overlap  the  data  obtaine<J  for 
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surface  ihota  coiUirau  that  for  csMatialljr  claastcaf  blaat  wavaa  tha  acalad  gromd  rai^  for  a 
given  value  of  peak  dynamic  precursor  rematna  csacnttally  constant  for  a  range  of  MOB  from  0 
to  300  feet. 

Although  previous  operations  have  shown  that  peak  dynamic  presaure  correlates  well  with 
damage  (References  26  and  27)  this  was  expertmenuUy  confirmed  over  a  limited  range  of  yield*. 
The  EPC  shots  provided  a  comparison  of  peak  dynamic  pressure  over  a  wide  rai^e  of  yields  for 
essentially  classical  waves.  Table  10  gives  vehicle  orientation,  ve^lctc  damage,  and  corre¬ 
sponding  peak  uynamte  presaure  for  Shots  Yuma,  Zuni  and  Lacp'sae. 

On  Shot  lacrosse,  light  damage  was  received  primarily  in  the  0.8  to  2  J  pat  dynamic  pres¬ 
sure  region.  However,  on  Shot  Yuma,  light  damage  was  received  in  the  9.2  to  9  6  psl  dynamic 
pressure  range.  Moderate  damage  was  received  in  the  5.2  to  7.4  psl  region  on  Shot  Lacrosse 
tMt  at  24.8  pal  on  Shot  Yuma.  The  moderate  damage  level  was  noted  on  Shot  Zuni  at  1.6  to  2.3 
psi.  Severe  damage  was  noted  on  Shot  Yuma  from  24.8  to  136.8  pal.  Severs  damage  was  ob¬ 
tained  on  Shot  Zuni  from  6.4  to  24.6  pci. 

The  significance  of  this  iitcrease  in  peak  dynamic  pressure  required  fdr  a  gives  level  of 
damage  on  a  low  yield  shot  compared  to  a  high-yield  shot  becomes  evident  when  the  duration  of 

TABLE  to  DYNAMIC  PRESSL'RE  COMPARED  WITH  DAMACE 


Shot 

Orionution 

Dynamic  PrcoMiw  (pail  for  Dnmace  which  is: 

Light 

Modorato 

Savm 

Yium 

ro 

9.2.  9.4 

24.9 

126.6  • 

so 

9.2.  9.6 

— 

24.6.  126.6  • 

Zuni 

ro 

2.2 

6.4.  7.8.  16.0 

90 

—  ^ 

1.6.  2.2 

6.4.  7.8;  16.9.  24.6 

LneroM* 

TO 

0.1.  1.0.  2.2.  S.2.  7.4 

80 

0.0,  1.0.  2.2 

8.2.  7.4 

*ConipHtad 


the  wave  is  considered.  Severe  daanage  was  obtataed  on  Shot  Zeal  at  9.4  pst  with  a  wave  dsra- 
tion  of  2,200  msec.  On  Shot  Yluas  the  aaaw  daamge  occurred  at  34  J  pst  wMh  a  wave  darattoa 
of  45  msec. 

The  requirement  for  aa  Increase  tn  peak  dynamic  presaure  with  a  decrease  la  wave  duration 
for  consur^  damage  was  to  be  expected  from  the  satisfactory  use  of  scaltag  of  damage  radU 
with  w*'*,  since  the  radius  for  a  given  peak  dynamic  pressure  scales  as  w^,  and  wave  durattoa 
vanes  with  yield.  The  calculations  in  WT-8tl,  Appsndta  A,  (Rsfsrence  36)  la  whi.’h  damage 
radii  are  calculated  for  a  classical  blast  wave  for  a  wide  range  of  yteldo,  lavly  that  for  targe 
yields  the  peak  dynamic  presaure  is  awst  Important,  while  for  aamll  yielda  tho  dynaade  Impulse 
becoaws  of  equal  Importaace. 

DIFFCRCNCE  Of  OAMAGB  RAOB  FOR  CLASSICAL  AND  NONCLASSICAL 
BLAST  WAVES 

A  difference  in  daamge  radii  Is  shown  for  NTS  shots  and  EPO  shots  la  dotatl  la  Figure  29. 
This  figure  shows  a  plot  of  the  damage  versus  scalsd  grouad  raage  for  Jvtoa  trucks  SMnsod 
on  the  NTS  tower  shots  and  the  EPO  surface  shots.  NO  disttactlon  of  ortsamtloa  was  amdo  for 
these  dau.  The  short  vertical  bars  at  the  1.0  damage  level  amrk  the  maatamm  grouad  range 
for  whirh  no  daauge  less  than  14)  was  obtalaod.  The  dashed  curves  reprosom  the  sstusated 
average  curves.  The  loeatloo  of  the  predicted  curve  for  surface  bursts  from  TM  32-300  (Figure 
36)  IS  indieatod.  The  docreaaed  grouad  raage  for  this  prodtetad  curve  repraaenia  a  reduction 
incorporated  to  accoum  for  probabto  shielding  effecu  on  average  torrals. 
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Considerable  differences  ii:  dama«e  radii  between  the  NTS  and  CPC  data  is  evident  in  Figure 
39.  At  (he  severt  damage  level  (0.8)  the  reduction  in  damage  radius  from  the  NTS  curve  is  33 
percent  for  the  CPC  curve,  -ind  the  reduction  below  the  TM  23*200  curve  is  28  percent. 

The  difference  m  HOB  (or  the  two  groups  is  appreciable.  However,  under  ideal  conditions 
(classical  bust  waves)  the  ground  range  (or  a  given  value  of  dynamic  pressure  varu  t  'ess  than 
10  percent  for  HOB  from  0  to  300  feet  scaled  HOB.  This  range  of  HOB  includes  bot.i  groups  o( 
data. 

If  the  cft>  ctive  yield  lor  blast  'a«s  reduced  by  interaction  between  the  fireball  and  the  ground, 
th'  n  the  yield  used  in  scaling  the  EPti  data  should  be  reduced  to  provide  the  proper  comparison 
with  the  NTS  data.  However,  a  reduction  to  80  percent  of  the  yield  (1.6  w)  will  increase  the 
scaled  damage  radii  by  only  10  percent. 

Some  reduction  in  damage  radii  may  be  due  to  the  soft,  sandy  surface  at  the  EPC.  This 
would  have  the  effect  of  decreasing  the  force  of  impact  ot  the  vehicles  with  the  surface  as  they 


Figure  39  Degree  of  damage  for  V,-ton  truck  vecaus  scaled  ground  range  (l/W*  *) 
for  EPC  surface  shots  and  NTS  snots  of  low  scaled  heights  of  burst. 


were  tumbled  by  the  blast  wave.  However,  this  effect  was  probably  less  than  the  effect  due  to 
the  or*«  Hatton  of  the  vehicles. 

Differences  due  to  the  atmospheric  pressure  have  not  been  considered,  since  the  change  in 
damage  radii  with  changes  in  atmospheric  pressure  aie  small  (Reference  29). 

Therefore,  it  Is  concluded  that  the  large  difference  In  damage  radii  ahown  in  Figures  37  and 
39  IS  due  primarily  to  the  occurrence  of  nonclasstcal  wave  shapea  and  associated  higher  drag 
lorces  on  t^'e  NTS  shots  and  clasatcal  wave  shapes  on  the  CPC  shots.  HeiKS.  image  radii  can 
be  cictnged  significantly  by  the  presence  and  extent  of  a  precursor. 

DBCI.'SSION  or  SHOT  YUMA  DAMAGE  DATA 

Shot  Tuou  was  a  fractional  kiloton  weapon  (0.19  kt)  with  a  scaled  HOB  of  347  feet.  The  NTS 
tower  shot  data  were  for  scaled  HOB  ranging  from  100  feet  to  292  feet  and  the  lowest  yield  was 
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hiftMr  ttan  Siwt  Y^uaa  by  •  factor  of  10.  Sloeo  flhot  Yuno  «w  a  to«or  abot  wttb  no  procuroor 
otfflct  and  «aa  «oU  bnlow  tbo  yltlds  of  oUhor  tho  CPC  or  thn  HT8  data.  It  «m  of  Intorost  to 
cxamlno  tho  corrolation  of  tho  proupo  Indleatod  in  Figuro  37. 

Figuro  40  showa  tho  50  porcont  proboblKty  of  modorato  damago  nod  tho  50  poreont  probability 


Figuro  40  Ground  rango  voroua  ylold  for  varloua  danago  looola  for  CPC  towor 
Shot  Yunaa  aa  eoaparod  with  NTS  tovor  ahot  and  CPC  aurtaco  ahut  data. 


of  aoooro  danago  obMlnod  froai  flMt  Yhau.  Thooo  data  aro  proooatod  alo^-vlth  tho  oatrapolatod 
cunroo  of  Figuro  ST. 

Ao  Indleatod  la  Figuro  40,  tho  Shot  Ybna  data  polnta  fit  tho  oatrapolatod  eunro  fbr  tho  CPC 
ourfaco  buifto  fairly  «oU.  ■ovooor,  tho  ohot  uaa  of  a  rolatlooly  high  aealed  HOB  aad  noro 
proporly  bolonga  la  the  NTS  group.  Tho  docroaoo  lu  rai^  ahom  any  roault  both  fron  tho  lack 
of  procuroor  forauCloo  aad  tho  ahort  duratloo  of  tho  blaat  aaro  produeod  by  tho  low  ylold.  A 
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Kurfoce  burst  of  s  similar  low  yield  may  show  a  similar  decrease  in  range;  and  scaling  by  yield 
varied  to  a  constant  power  may  be  unsatisfactory  for  such  low  yields. 

DISPLACEMENT  OF  V4-TON  TRUCKS 

Since  displacement,  like  damage,  is  a  result  of  exposure  to  a  blast  wave,  the  displacements 
measured  for  the  vehicles  were  examined  for  indication  of  a  grouping  of  NTS  and  CPC  data. 
Plots  of  displacements  versus  ground  range  were  made  for  each  shot,  and  the  probable  ground 
ranges  for  1C,  20,  SO,  and  100  feet  displacements  were  selected.  These  are  shown  plotted 
versus  yield  in  Figure  41.  The  lines  shoun  in  Figure  41  are  of  slope  0.4,  and  fit  the  points  for 
each  groi.'p  very  well. 

Assuming  that  it'v  NTS  tower  shots  and  the  £**0  surface  shots  were  two  groups  distinguished 
primarily  by  tyi>e  of  blast  wave  (nonclasstcal  versus  classical)  with  scaling  as  W*‘*  applying  to 
each,  the  consistency  within  a  group  of  the  dtsplaceinents  data  were  examined.  Ground  ranges 
were  reduced  by  the  toctor  (1/W*‘  *)  and  the  displacements  were  plotted  veraus  the  sc'^k  d 


Figure  41  Ground  range  versus  yield  for  various  dlsplacessent  levels  for  EPC 
eu^c«  etots  and  NTS  shots  of  low  scaled  height  of  burst. 


ground  r.j)ges.  The  results  for  the  CPG  surface  shots  are  shown  in  Figure  42.  The  displace¬ 
ments  Mierge  well  for  the  four  shots  consider  jd.  The  plot  of  the  NTS  data  are  shown  in  Figure 
43.  A  line  Indicates  the  center  of  the  EPG  distribution  of  points.  In  both  Figure  42  and  Figure 
42  the  separation  of  SO  from  FO  vehicles  at  the  sasae  ground  range  Illustrates  a  larger  displace¬ 
ment  for  SC  vehicles.  This  is  e^mcted  because  of  the  larger  presented  area  ei^oaed  to  the 
blast  wave  by  the  SO  vehicles  as  compared  >0  tne  fO  vehicles. 

The  consistency  of  division  of  the  displacement  data  between  the  EPG  eurfoce  and  the  NTS 
tower  shots  again  indicate  that  they  belong  to  two  groeps  with  approximately  the  aaoM  acaliiM 
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(actor.  There  is  evidence  to  support  the  idea  that  the  FO  vehicles  of  each  group  and  the  SO  ve> 
hides  of  each  group  may  be  scaled  by  the  same  factor  but  be  represented  by  different  lines. 
Further  analysis  of  existing  data  is  necessary  to  define  this  separation. 

CONCLUSIONS 

The  damage  radii  (or  surface  bursts  at  the  EPG  in  the  yield  range  of  40  kt  to  3.5  Mt  have 
been  determined  and  scaling  of  ground  range  lor  a  given  damage  level  is  as  wh'*re  W  is 
the  yield. 

The  j<>.;.iage  data  indicate  an  appreciable  reduction  in  damage  radii  (or  non-precursor  condi¬ 
tions  (classical  wave  shapes).  Non-precursor  conditions  usually  occur  with  surface  bursts  es¬ 
pecially  at  the  distances  represented  by  the  vehicle  *arget  locations. 

The  displacement  data  indicate  that  the  radii  (or  i  given  displacement  are  significantly  re¬ 
duced  for  non-precursor  conditions  (classical  wave  hapej). 

Light  damage  was  produced  by  a  fractional  kiloton  device  at  scaled  ground  ranges  associated 
with  severe  damage  for  a  nominal  device. 

Peak  dynamic  pressure  associated  with  a  given  trend  of  damage  varied  considerably  over  a 
wide  range  of  yields.  When  considered  ulone  it  was  not  a  satisfactory  parameter  (or  predicting 
the  level  of  damage  sustained  by  wheeled  vehicles. 

RECOMMENDATIONS 

1.  It  is  recommended  that  farther  analysis  considering  the  duration  and  dynamic  Impluse  of 
the  blast  wave  be  conducted  to  confirm  the  amount  of  reduction  in  damage  radii  of  vehicles  ex¬ 
posed  under  non-precursor  conditions. 

2.  It  is  recommended  that  the  extent  of  the  precursor  region  be  determined  over  the  entire 
range  of  device  yields,  and  for  the  surface  burst  in  paiiicular. 

3.  It  is  recommended  that  the  HOB  versus  range  Isodamage  curves  be  revised  to  reflect  the 
damage  radii  (or  surface  bursts. 

4.  Further  investigation  of  displacement  data  (considering  the  jeep  as  a  response  gage)  with 
blast  wave  characteristics  and  vehicle  damage  is  recommended. 
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Part  4 

CUBICLE  STRUCTURE 

objectives 

The  primary  objective  of  this  part  of  Project  1.5  waa  to  obtain  diffraction  and  drag  data  on  a 
nonreaponsive  atructurc  at  a  higher  preaaure  and  longer  pnaitlve  duration  than  had  previoualy 
been  recorded.  A  secondary  objective  waa  to  validate  model  >scallng  methoda  at  higher  prea- 
aurea  and  longer  duratlona. 

BACKGROUND 

Meaauremeiita  of  alr-blaat  loading  on  full-acale  atructurea  and  cubicles  were  made  on  Opera¬ 
tion  Greenhouse,  Upahot-Knothole,  and  Castle.  The  greatest  effort  was  made  on  Operation 
Upshot -Knotnole,  where  a  large  array  of  nonresponsive  cubicles  were  used  (see  Reference  28). 

A  limited  number  of  structures  were  Inatiumented  on  Operation  Teapot  and  reported  in  Refer¬ 
ence  SS.  Scaled  models  of  cubicles  have  been  Instrumented  in  the  BRL  shock  tube  and  reported 
on  1.1  References  30,  31,  and  32.  The  vnrk  in  the  shock  tube  has  been  confined  until  recently  to 
the  initial  or  diffraction  loading.  The  advent  of  multi-megaton  devices  with  tong  positive- 
pressure  durations  has  placed  more  emphasis  on  drag  loading  as  a  damage  criterion. 

Operation  Redwing  afforded  an  excellent  opjiortanlty  to  instrument  a  structure  exposed  to  a 
megaton  yield  device.  The  structure  used  during  Operation  Castle  (Reference  29)  was  available, 
and  Project  1.9  accepted  the  responsibility  for  obutnlng  pressun  -time  records  on  a  limited 
number  of  positions  (see  Figures  44  and  4$).  It  was  hoped  that  this  information  would  correlate 
with  field  data  already  available  from  previous  operations.  Scaled  three-dimensional  model 
studies  in  the  shock  tube  had  checked  with  field  results  (or  low  pressure  and  it  was  hoped  that 
this  data  would  further  validate  model  scaling  in  the  moderate  pressure  range  (19  to  30  psi). 

The  validity  of  scaling  the  diffraction  phase  of  air-blast  loading  on  a  model  to  a  (ull-sixe 
structure  (or  incident  (ree-field  overpressures  of  3  psi  and  0  pel  has  been  well  established  in 
reports  from  BRL  (References  30  and  31).  Prediction  methods  were  made  using  the  shock  tube 
records  from  scaled  models  of  the  Project  3.1  structures  exposed  on  Operation  Upshot -Knothole 
but  (hey  had  not  been  checked  at  tiie  higher  overpressures.  An  attempt  was  made  to  predict  the 
loading  expected  on  a  concrete  cubicle  eiqmsed  during  Operation  Teapot.  Here  again  the  pre¬ 
dicted  curves  could  not  be  checked,  because  of  the  non-ideal  blast  wave  which  enveloped  the 
structures  on  all  blast  lines.  The  method  used  to  predict  the  curves  presented  in  this  chapter 
is  outlined  in  the  following  section. 

THEORY- LOADING  PREDICTKWS 

Scaled  Model  Method.  A  Vn-tcale  model  of  the  Operation  Redwii4  structure  was  exposed  in 
the  PRL  shock  tube  to  record  the  air  blast  loading  from  a  shock  wave  of  the  same  peak  over¬ 
pressure  as  recorded  near  the  field  structure.  The  model  was  tnetroweated  with  miniMure 
piexo -electric  gages  flush  with  the  surface  of  the  various  faces  of  the  awdel  aad  la  locations 
corresponding  to  similar  positions  on  the  field  structure.  From  a  large  yield  device  such  as 
Shot  Zuni  there  was  little  decay  in  a  free-stream-pressure-time  record  during  the  diffraction 
loading  phase  and  therefore  a  record  from  the  step  shock  produced  in  the  shock  tube  should 
correlate  well  with  field  records  when  the  tiaw  scaling  factor  is  applied. 

Free-9tream  Pressure  Versus  Time.  To  predict  the  air-Maat  loading  expected  on  a  field 
structure,  it  is  first  necessary  to  predict  the  free-atraam-prsaauro-vsroaa-time  curve  ex- 
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pvrtcd  to  fnvel<>pe  Iht*  structure.  The  method  used  in  this  chapter  has  been  published  in  Refer¬ 
ence  31.  The  parameters  which  must  be  kauwn  or  assumed  are;  device  yield,  height  of  burst, 
distance  Irom  ground  zero  and  type  ol  surface.  The  pretest  prediction  ef  the  free-etream- 
prcssure-time  curve  was  liased  on  a  yield  of  2.S  Ml  and  a  distance  of  9,700  feet  from  ground 
zero,  which  gav«  an  expectec.  peak  overpressure  of  17,5  psi.  This  value  was  established  from 
the  height -of -burst  curves  prcsenied  in  TM  23-200  (Reference  24),  The  actual  yield  was  3,53 
Mt  and  a  peak  overpressure  of  23  psi  was  measured  near  the  field  structure.  The  measured 
values  of  yield  and  pressure  will  be  used  tn  establish  a  predicted  curve  of  pressure  versus 
time  by  the  method  outlined  in  Reference  33. 

After  determining  the  peak  pressure  expected  at  a  given  distance,  it  is  necessary  to  predict 
the  wave  shape.  A  semi-empiricai  equation  from  Reference  31  is  thought  to  be  the  best  avail¬ 
able  at  present: 

Ps(‘>  =  **s(»-  -  <''r, 


Where;  ( t )  -  Overpressure  ‘n  t^e  blast  wave  at  any  time  { t ). 

Ps  -  Peak  overpressure  (2r  psi). 
t  ^  ^  Total  positive  duration  (sec). 

C  -  Decay  constant. 

The  positive  duration  (t  ^)  i.t  obtained  from  Referenci.  ?  >  and  is  200  msec  for  a  I  kt  yield  or 
3.038  msec  lor  a  3.5  Mt  yield.  The  measured  duration  from  the  two  curves  presented  in  Figure 
46  approximately  2,500  msec.  The  impulse  (I4.)  expected  from  a  pressure-time  curve  with  a 
peak  overpressure  of  23  psi  and  a  duration  of  200  msec  was  determined  from  Reference  33  and 
was  found  to  be  1,500  psi  msec.  The  factor  still  to  be  determined  is  the  decay  constant  C, 
which  IS  a  (unction  of  Pg,  t^.  and  1^.  The  value  r(  C  as  determined  from  Reference  33  was 
1.45.  Equation  4.1  may  now  be  written  as  follows: 

From  this  equation,  values  of  pressure  from  any  time  tg  to  t can  be  determined.  Enough 
values  were  calculated  to  plot  a  curve  of  pressure  versui  time.  These  values  arc-  listed  tn 
Table  11  and  plotted  in  Figu.*e  46.  The  predicted  or  theoretir^il  curve  in  Figure  46  was  used 
to  correct  the  step  shock  records  from  the  shock  tube. 


Time  Scaling.  When  scaling  records  of  pressure  versus  time  rrc.n  models  to  compare  with 
records  from  full-scale  structures,  it  is  first  necessary  to  scale  the  time  units.  This  is  a 
st.-aightfarward  procedure  since  the  velocity  of  the  shock  front  in  the  field  may  be  assumed  to 
be  the  same  as  the  velocity  of  the  shock  front  in  the  shock  tube  for  a  given  incident  operpressure. 
Therefore,  tc  scale  it  is  necessary  to  consider  only  the  difference  in  the  size  of  the  model  and 
field  structure  as  the  size-scaling  (actor.  The  field  structure  was  36  times  the  size  of  the 
model,  therefore,  1  msec  on  a  shock  tube  record  should  represent  36  msec  of  a  field  record. 

Pressure  Scaling.  The  shock  wave  produced  in  the  shock  tube  is  a  step  shock  in  which  the 
initial  portion  of  the  wave  is  I'at  topped  with  no  decay  in  pressure.  The  flat -topped  portion  of 
the  wave  envelopes  the  model,  and  the  pressure-time  records  obtained  must  be  adjusted  pres¬ 
sure  wise  to  correlate  with  the  decaying  wave  produced  in  the  field.  The  shock-tube  record  is 
adjusted  by  multiplying  by  a  ratio  of  Pgft^Pg  from  the  predicted  free-stream  field  wave. 

-C 

P«(l)  -  Pg,0)  ^l- ji-J  e  (4.3) 
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1000  2000  500 

Figure  46  Companion  pressure-lime  curve,  theoreiical,  measured  side  pirhsiiif,  etecli  j:iic  and  sclf-recordmi; 


Where:  P^lOi  Peak  overpressure  23.0  pHi 
C  Di'cay  parameter  1.45 

t  »  I’ositive  Duratii  II  200  0  msec  tor  1  kt  3.038.0  msee  (or  3.5  Mt. 
t  Any  time  interval  durnii;  the  positive  phase. 


Presentation  o*  Predicleci  Rceords.  The  same  positions  (rom  which  lield  records  were  ob¬ 
tained  were  nstrumented  m  the  scaled  model,  with  one  extra  position  on  the  rear  (are.  The 
records  (rom  ihe  model  were  (irst  scaled  (or  time  and  then  (or  pressure  decay.  These  records 
are  presented  in  Fiitnres  !7  throuut  50.  The  (irst  portion  o{  the  records  (lave  been  expanded  so 
the  di((raction  Icadint;  can  be  analvzrd. 


OPERATIONS 

The  6  by  6  by  12-(oot  target  structure  utilized  by  Operat  ion  Castle  Project  3.1  was  renovated 
(or  use  on  Shot  Zuni.  Tn®  structure,  located  on  Site  L  ncle  (9,700  (eet  (rom  groiind  zero),  is 
designated  as  Station  111  in  Figure  SI  Nine  positions  r  ere  instrumented  with  Wiancko  pressure 
transducers.  The  predicted  pressure  records  were  used  to  select  gage  ranges  (or  the  dideient 
locations.  The  positions  selected  to  instrument  are  given  in  Figure  49  and  Table  12. 

INSTRUMENTATION 

Free- Field  Measurements.  Two  stations,  156.01  and  156.02  were  established  in  the  (ree- 
stream  region.  Station  156.02,  locateii  ,00  (eet  in  (ront  o(  the  structure,  was  instrumented  by 
Project  1.1  with  one  ground-balde  gage  a  id  a  q  gage  7  (eet  above  the  ground  surlace.  Station 
156.01  was  located  at  the  same  ground  raige  as  the  structure  and  had  a  scK-recording  ground 
bailie,  an  electronic  q  gage  at  a  S-(oot  elevation,  and  an  electronic  (ree-stream  pressure  gage 
at  a  10-(oo(  elevation  above  the  surlace  (Figure  51). 


Types  o(  Gages.  Mounts,  and  Calibration.  Wiancko  type  3  PAD,  v.iriable-reluctance  pres¬ 
sure  gages  were  used  to  instrument  (he  structure.  This  type  of  gage  had  an  undamped  natural 
(requency  higher  than  2,000  cps.  The  gages  used  weie  dairj>ed  to  0.7  of  critical.  This  amount 
o(  damping  limited  the  amount  u(  overshoot  to  5  pcTcent.  while  permitting  maximum  response 
of  the  recording  system.  W'lth  (his  application  of  the  Wuncko  gage,  the  recording  nystem,  with 
a  rise  time  o(  approximately  0.4  msec,  is  the  liniitini:  (actor  in  recording  pressure  versus 
time. 

The  electronic  recording  q  gage  placed  at  Station  156.01  was  >>|  me  type  ised  by  Stanford 
Research  Institute  during  Operation  Teapot  (Reference  33).  However,  damping  was  adiled  to 
the  gage. 

Mounts  for  the  Wuncko  gages  in  the  structure  were  those  used  during  Operation  Castle. 

The  co.-itractor  repaired  and  renovated  the  mounts  before  gage  installation.  The  gages  were 
mounted  with  the  (ace  of  the  gage  flush  with  the  structure. 

After  installation  and  ccnnectinn  with  the  recording  system,  the  gages  were  calibrated  by  the 
application  of  several  increments  of  static  pressure.  The  preesuic  was  applied  from  a  portable 
air-supply  tank.  A’l  gages  were  calibrated  in  20-perccnt  ste|).«  up  to  100  percent  of  the  pre¬ 
dicted  values.  Added  as  a  saiety  (actor  in  event  the  yield  went  higher  than  predicted  were  a 
125-  and  a  150-percent  step. 

DATA  REQUIRED 

The  data  required  for  a  thc^rough  analysis  of  the  air-blast  diffraction  and  drag  loading  would 
be  a  complete  instrumentation  of  the  field  cubicle.  The  time  betareen  Shot  Cherokee  and  Shot 
Zunl  was  not  sufficient  to  calibrate  all  the  29  planned  gage  positions.  The  nine  instrumented 
positions  were  chosen  as  the  most  representative  over  the  four  surfaces  but  not  necessarily 
adequate  for  determining  the  average  pressuie  over  a  surface  or  a  drag  coefficient  (Figure  52). 
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TABl.r  11  VALlCf  or  PREDICTED  rREE<«TRF.AII  PREfWRE-TIMC  CIRVC 


P^St  t  RIMC 


0.00 

l.oo 

0.000 

1.000 

t.>H)0 

23.0 

00.0 

O.Ol 

0.014 

0.986 

0.970 

32.4 

30.4 

O.OJ 

0.98 

0.029 

0.971 

0.053 

31.0 

00.0 

0.03 

0.97 

0.O44 

0.956 

0.027 

21.3 

01.1 

0.04 

C.96 

0.058 

0.044 

0  000 

33.0 

121.5 

O.OS 

0.95 

0.073 

0.92» 

0.082 

20.3 

152.0 

0.0« 

0.94 

0.057 

0.917 

0.002 

10.0 

182.3 

0.07 

0.93 

0.102 

0.003 

0.04U 

10.3 

21X7 

0.08 

0.92 

0.110 

0.800 

0.019 

10.0 

34X0 

0.09 

0.91 

0.131 

0.077 

0.7M 

18.0 

27X4 

0..0 

0.90 

0.145 

0.864 

0.778 

17.0 

30X0 

O.IS 

0.85 

<1.218 

0.800 

0.005 

15.0 

455.7 

c.:o 

0.80 

0.200 

0.740 

0.500 

1X0 

007.0 

0.25 

0.75 

0.363 

0.002 

0.510 

11.0 

70X3 

0.30 

0.70 

0.435 

0.047 

0.453 

10.4 

011.4 

0.40 

O.aO 

0.580 

0.500 

0.330 

7.7 

1.215.2 

0.50 

0.5f 

0.725 

0.484 

0.242 

5.0 

1,510.0 

0.60 

0.40 

0.870 

0.410 

0.100 

XO 

1.022.0 

0.70 

0..9O 

i.OlS 

0.363 

0.100 

3.5 

3.120.0 

0.80 

0.20 

t.l60 

0.313 

0.003 

1.5 

3,430.4 

0.9C 

C..  0 

1.305 

0.271 

0.027 

0.0 

3.734.2 

1.00 

0.00 

1.450 

0.338 

0.000 

0.0 

3.030.0 

TABLE 

12  OTRL'CTURE  OAGI  LOCAnONB 

G«c« 

Ulauoc*  fram 

OtaUioB  fram  Dtauira  fraai 

Frool  Tie* 

Top  Pbcb 

LbRSKIb* 

IB 

«■ 

IB 

P-l 

00 

73 

P-0 

30 

— 

43 

P-18 

12 

— 

10 

P-24 

— 

13 

1X8 

P-27 

— 

3X25 

4X8 

P-20 

— 

74.28 

7X38 

P-34 

13.23 

74.50 

P-44 

3A.9 

30.78 

— 

P-80 

40.33 

IXSS 

*  L«R  aid*  4t  vi«w*4  frail  graind  rara. 
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Fifurt  47  Prcsaure-ttm*  loaduig  predirtton  curves.  FosiIm^'.s  24,  27,  28. 


Figure  48  PreseureHlnte  loading  prediction  curves,  Positions  IS, 
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Figure  49  Pressure-time  loading  prediction  curves,  Positions  50. 
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FIcvrcSl  Frc*-lt*ld  prcMur*  cac*  Uyout.  Figure  S2  aalion  HI  prtature  gage  m«»iion. 


To  meet  the  prinury  objective  of  the  project  it  «m*  neceeMry  to  m*;a*ure  the  pteseure>time 
history  et  selected  positions  over  the  various  laces  of  the  taritet  structure.  A  record  of  pres* 
sore  irrsus  time  can  then  be  analysed  to  uetermine  from  the  pressure  fluctuations,  the  time  of 
orrurrence  and  strcnicth  of  the  vortea  acti.;;i  a«Mt  ivtiwUU  -^avcs  that  vlfect  the  air-blast  diffrec* 
lion  and  disK  loading  of  a  structure. 


KESl'LTS 

Front  Fare  Measurements.  The  records  of  pressure  versus  time  from  the  front  far  posi- 
tiv  iie  are  presented  in  Figure  S3.  Here  it  can  be  seen  that  the  records  do  not  follow  the  t>  end 
expected  lor  a  classical  shock  wave  input  For  a  peak  overpressure  of  23  psi  the  reflscted 
pressure  on  the  front  face  under  ambient  conditions  just  prior  to  shot  time  should  be  approxi¬ 
mately  72  psi.  The  reflected  pressure  messured  on  the  front  fare  usees  satisfy  the  predicted 
value  within  the  limits  of  error  that  mieM  be  expected.  The  deviation  from  what  might  be  ex¬ 
pected  from  a  classical  shock  wave  ran  be  seen  in  the  rate  lecay  of  the  reflected  to  a  stagna¬ 
tion  pressure.  The  reflected  pressure  on  the  front  fsce  of  a  structure  should  deesy  to  stagna¬ 
tion  pressure  within  the  time  shown  on  the  scaled  up  shock  lube  records  shnwn  in  Figure  47  thst 
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Figure  S3  Structure  front  face  records.  Positions  24,  27,  21. 


IS  approximately  2S  msec,  ft  ran  be  seen  in  Figure  u2  that  there  la  little  or  no  decay  wtthtn  the 
first  100  msec  at  positions  24  and  27.  while  at  posttion  2t  the  pressure  had  decayed  to  approxi¬ 
mately  40  pet  which  IS  still  much  higher  than  would  be  predicted  from  a  classical  wave  shape. 
The  total  impulses  measi-red  at  positions  24,  27  and  21  iwre  0.933,  9,703  and  3,902  psi-msec 
reapeciively.  Ths  posuiee  durations  reported  in  the  same  order  were  2,410,  2,000  and  2,000 
msec. 


Top  Fhce  Measurements.  Good  pressure  measurements  were  made  at  the  ’.hree  positions 
instrumentsd  aiong  the  lop  face.  The  pressure  lime  history  from  Position  9  was  not  valid.  As 
can  be  seen  in  Figure  90.  there  appeared  to  be  a  gage  amlfunctlon  bejund  the  first  200  msec. 
The  dtifractios  phase  of  the  record  is  bellevsd  to  be  valid  when  compared  wUh  the  other  two 
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pMUtoM.  Th*  MttniMlioa  of  tho  inltui  proMu.**  rise  by  tht  vortox  action  In  soon  ta  tlm  mcord 
from  Poattton  IS.  Thin  effect  becomes  weaker  aa  the  shock  front  moves  across  the  top  tr  Post* 
lions  9  snd  1.  Some  decrease  in  pressure  after  the  Initial  rise  la  also  contributed  to  the  rare* 
(action  wave  moving  from  the  rear  edge  Hack  over  the  top  (ace.  The  effect  because  of  the  rare* 
(action  wave  was  greater  at  position  1  while  the  effect  because  of  the  vortex  was  greater  at 
Position  IS.  The  impulses  from  Positions  1  and  IS  were  1,611  and  1,90S  psl/msec  while  the 
durations  were  2.S61  ami  2.870  sec. 

Back  Fhce  Measurements.  Two  positions  were  Instrumented  on  the  back  face.  The  records 
from  Posit*,  jns  34  and  SO  are  presented  in  Figure  S3  and  both  appear  to  be  valid.  The  records 
show  the  slow  build-up  of  pressure  tc  a  peak  slightly  less  than  the  Incident  slde*on  pressure. 
Position  SO  built  up  to  a  peak  pressure  sooner  than  Posltlrn  34  and  also  decayed  much  slower. 
The  impulse  from  Position  SO  was  2,386  psL^msec  which  was  also  much  greater  than  Position 
34,  which  was  1,797  pst^msec.  The  duration  of  the  record  from  Position  SO  was  2,887  sec  as 
compared  to  2,749  sec  from  T  jsiiton  34. 

Side  fate  and  Free»Streatr  Measurements.  One  position  was  instrumented  on  the  side  of  the 
structure.  This  wxa  Position  44  and  the  record  is  presented  in  Figure  Sfi.  The  record  appears 
to  be  valid  and  the  initial  position  compures  with  the  record  from  Position  9  on  the  top  (ace. 

The  aide-on  pressure  record  from  the  q  gage  la  presented  in  Figure  S8  along  with  the  dynamic 
pressure  record.  The  measured  dynamic  pressure  is  much  greater  during  the  first  100  msec 
than  would  be  expected  Vom  caltulating  the  values  from  side*on  pressure. 

Presentation  of  the  suvCgi  t  level  pressure  record.  Station  ISo.Ol,  Is  made  in  Figure  46.  No 
usable  record  was  obtained  from  the  prv»»ure  gage  at  the  lO-foot  elevation  because  of  mount 
failure. 

The  slde-on  pressure  records  from  the  q  gsge  and  the  ground  bslTe  gage  at  the  Project  1.1 
instrumented  station  136.02  are  presented  in  Figure  37. 

DISCUSSION 

Field  Records.  The  records  of  pressure  vereue  time  measured  on  the  field  structure  eere 
exceUent  so  far  as  noise  level,  resdsMllty  and  plajrback  techniques  were  concerned.  There 
were  no  base  line  shifts  at  sero  time  snd  therefore  the  calibration  curves  were  applied  to  the 
records  without  the  neceesity  of  correction.  With  all  the  factnra  mentioned  above  in  favor  of 
reliable  records  there  sttll  appeared  some  inconatatenclea.  On  the  front  fisce  the  relief  of  re* 
fleeted  pressure  was  alow  snd  Position  24  which  should  have  shown  the  faatvst  decay  of  reflected 
pressure  actually  recorded  the  slowest  decay  while  PosUlon  28  vFuch  should  have  held  the  re* 
fleeted  pressure  longer,  recorded  the  fastest  pressure  decay  of  the  three  gages. 

The  records  from  the  top  position  appeared  to  be  the  moct  consistent.  No  explanation  can  bs 
given  for  sudden  pressure  decay  of  the  record  at  Position  9,  but  as  mentioned  before,  the  first 
200  msec  appeared  valid. 

Positions  34  and  30  on  the  back  face  showed  some  tncoosletency  la  pressure  and  impulse 
values.  Based  on  shock  tube  data,  Position  34  should  hava  e«cordad  a  paafc  overpressure  higher 
than  that  recorded  at  Position  30  and  also  recorded  a  grtattr  impulse.  From  the  actual  field 
record,  'uat  the  reveres  mu  recorded.  These  Uiconsietenciea  are  raeotloned  to  polat  out  the 
difficulty  in  checking  the  validity  of  shock  lube  scaling  and  estabHahlng  any  prediction  method 
based  on  shock  tube  data  that  c«^  predict  the  records  obUlnsd  from  this  structure. 

Ihock  Tube  Records.  The  records  of  pressure  versus  time  measured  oa  the  scalsd  modsi 
txpose^  in  tht  shock  tubs  wars  escellent  and  tt  ta  felt  that  If  tas  flsld  structurs  had  bssn  tnvel* 
opsd  by  a  cUaaical  shock  wavs  the  rscords  prssentsd  In  Flgurss  47  through  30  would  havs  been 
reprsasntativo  of  ths  field  records.  Actually  ths  front  facs  ftsid  rscords  showed  the  greatest 
dtsstmtlarity  from  the  shock  tubs  records,  which  followed  psttsrns  similar  to  thoaa  act  up  and 
rsportsd  in  Rsfsrsnca  32. 
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Comp>ri>on  of  Predicted  and  Measured  Records.  No  co  aparlaon  hu  te«a  attempted  for  tlw 
front  face  recorda,  except  for  the  reflected  preaaure.  The  peak  reflected  prcaaurea  check,  but 
that  IS  the  only  similarity  throughout  the  rer4  of  the  record. 

The  top  tare  records  showed  a  much  better  correlation  !'■  the  diffraction  phaae,  iMt  not  in  the 
drag  phase,  ft  is  felt  ihat  prrt  of  the  initul  peak  shown  on  the  shock  tube  recorda  was  Inst  on 
the  field  records  because  of  the  response  time  of  the  gages.  In  Position  IS,  which  was  affec.ed 
quickly  by  the  vortex,  the  field  records  did  not  reach  10  psi  while  the  shock  tube  record  reached 
approximately  incident  pressure  as  expected.  Positions  9  and  1  records  were  not  aff.cted  as 
soon  by  the  vortex.  Therefore,  they  reached  higher  pressures.  It  should  be  noted  that  the  in* 
cident  free  stream  record  required  appioximately  75  msec  to  reach  a  peak  value.  Therefore, 
the  vortex  or  rarefaction  wave  ran  cause  a  decay  in  the  initial  rise  before  it  can  reach  the  peak 
value. 

The  back  positions  also  compared  fatrorably  when  the  two  Input  conditions  were  considered. 
The  field  pressure  wave  with  its  ulow  rise  will  not  reflect  and  form  the  strong  voftices  ever  the 


Figure  Dynamic  aid  slde>on  records  from  Station  IM  ill. 


back  face  as  shown  on  the  shock  tube  records.  Therefore,  a  slow  buUd*up  U  pressure  over  the 
bark  face  of  i:.e  field  structure  would  be  expected. 

The  side  face  Position  44  showed  excellent  correlation  between  the  field  and  shock  tube  re* 
cords  in  the  diffraction  phase,  but  as  found  In  the  other  records,  the  drag  phase  loading  was 
much  higher. 

CONCLUSIONS  AND  RECOMMENDATIONS 

The  conclusions  reached  by  the  authors  are  stated  as  follows: 

1.  The  field  structure  was  enveloped  by  a  non-ideal  shock  vrave. 

2.  The  field  instrumentation  la  believed  to  be  reliable  and  It  reproduced  the  pressure  time 
history  acting  on  the  structure. 

S.  The  number  of  poeaions  instrumented  was  inadequate  tu  obtain  aa  average  pressure  over 
tue  surfaces  for  translational  force. 

4.  The  diffraction  phase  loading  on  the  top,  back  and  side  was  similar  to  what  might  be  ex¬ 
pected  from  shock  tube  data,  but  the  loading  on  the  front  face  was  quite  different. 

5.  The  drag  phase  loading  was  much  higher  on  all  faces  than  mnitd  be  predicted  from  snock 
lube  data  which  was  baaed  on  a  classical  wave  shupe. 

d.  The  dynamic  pressure  was  higher  than  would  be  predicted  from  the  measured  stde-on 
pressure,  but  d  was  not  as  high  as  indicated  from  the  drag  loading  measured  on  the  structure. 

7.  The  Input  condttlons  were  uaaed  on  the  side-on  preaaure  from  a  q  gage,  100  feet  to  the 
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(d)  Ground  bnfflo 

Figuro  S7  Ground  bdfflo  nnd  dynnmlc  proMuro  records,  SUtlon  156.02. 
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•id*  of  tho  ttructurt,  which  may  or  may  not  have  twen  tha  true  condUiona  at  the  atructure. 

The  recommendationa  preaented  for  conaideration  are  aa  followa; 

1.  Full  inatrumentatKon  should  alwaya  b*  carried  out  whenever  there  is  a  possibility  of  a 
precursor  being  fo'‘med  or  a  non-ideal  wave  shape  enveloping  the  target  structure. 

2.  Frec-stream  measurements  should  ne  as  close  as  possible  to  the  structure  as  insurance 
that  the  true  input  conditions  are  known. 

3.  A  greater  emphasis  should  be  made  to  simulate  in  the  shoes  tube  the  actual  field  condi¬ 
tions,  expeclaUv  wave  shaping  techniques. 
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ELECTRONIC  INSTRUMENTATION 


oBJEcrn  Ls 

Project  1.5  provided  electronic  inslrumentatioii  lor  Project  J.l,  as  well  as  the  other  phases 
ul  Project  1.5.  Data  ri*«)uired  by  these  projects  necessitated  the  measurement  o(  each  of  the 
tollowinj:,  versus  time:  dynamic  pressure,  side-on  pressure,  column  dellection,  column  strain, 
column  acceleration,  time  ol  break  ol  the  franRible  s:-''ing,  and  the  acceleration  ot  the  looting  at 
each  o(  the  (our  Project  3.1  locations. 

Project  1.5  provided  i  Ivc  ronic  recording  and  instrumentation  on  Shots  Cherokee  and  Zuni. 
OACKGROCNO  AND  ;  Kt.  jHY 

The  in.strumentatior.  requirements  of  Project  3.1  were  similar  to  those  ol  Project  3.7,  Op¬ 
eration  Teapot.  The  instrumentation  lor  Project  1  5  included  recotdi.ig  data  from  various 
types  o(  drag  gages  and  instrumenting  Station  111,  a  6  by  6  by  12  foot  cubicle  descrioed  in 
Part  •!.  The  drag  gages  are  described  m  Parts  1  and  2. 

The  multi-channel  magnetic  tape  recording  equipment  used  during  Operation  Teapot  waa 
modified  to  correct  some  of  the  difficulties  encountered  and  used  lor  Operation  Redwing. 

Representatives  from  Projects  3.1  and  l.S  met  and  decided  on  the  type,  location,  and  ranges 
of  the  gages  for  both  projects.  Instrumentation  lor  Project  1.5  drag  gages  was  designed  to  in¬ 
sure  compatibility  ol  the  transducers  with  the  multi-channel  magnetic  tape  recording  system. 

OPERATIONS 

Project  1.5  (electronic  measurement  portion)  participated  in  two  events,  Shota  Cherokee 
and  Zuni. 

The  installation  of  the  instrumentation  and  recording  equipment  was  started  as  soon  aa  con¬ 
st  ruition  had  progressed  sufficiently.  Instrument  rabies  were  Installed  aPer  all  heavy  equip- 
mtM-.t  was  removed  from  the  area  The  end -instrument  calibration  was  accomplished  upon  com¬ 
pletion  of  the  cable  installation.  Faulty  gages,  recording  equipment,  and  calibration  techniques 
were  detected  by  analyzing  the  playback  of  the  calibration  records. 

LNSTRL'MENTATION 

The  Project  3.1  structures  were  all  insirunented  In  a  similar  fashion.  Measurement  of 
dynamic  and  side-on  pressures  were  made  TO  and  25  feet  aboveground.  Acceleronwters  w«*re 
mounted  near  the  top  of  the  center  columns  i-  .rthest  from  ground  zero  (Figure  58).  Strain  gages 
were  located  on  both  (he  front  and  rear  center  columns  at  4,  8,  and  15  feet  above  the  column 
footing  (Figure  59). 

The  inner  three  front  columns  ol  the  b-'ype  structures  and  all  three  front  columns  of  the 
a-type  structures  were  instrumented  for  deflection.  The  measurement  waa  made  between  the 
point  of  'he  column  where  the  bottom  chord  of  the  truss  was  attaru'>d  and  a  piling  driven  into 
the  coral  at  a  point  17  feet  in  front  o'  ,he  column.  A  fourth  deflei  'lOr,  mcMurement  was  made 
between  the  front  and  rear  center  columns  immediately  below  tee  fwttom  chord  if  (he  truss. 
Future  58  gives  details  of  the  dei  ection  gage  locations. 

There  were  three  time-of-break  gages  installed  on  each  of  the  a-type  structures,  one  on 
each  side  of  the  renter  on  the  front  wall,  and  one  centered  on  the  rear  wall.  The  gage  wires 
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Figure  S8  Lorattons  of  acceierometer  and  dciiection  f»gc*. 


Figure  59  Looatlone  of  etraln  gage*  and  bridge*. 
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lur  lri>ni  mju  »rrr  run  tii'riii>nl4ily  6  lert  AUi>vri;r<>uiid  and  wrrr  12  Irrt  Ion*..  Tne  *:a*;r 
wirr  lor  thr  rear  »4ll  was  run  n  a  »iniitar  lashion  and  waa  20  frrt  At!  Ihrrr  I  rrak  (imca 

wvrr  rm^rded  <>n  Ihr  aamr  channel.  The  itiutinii  arreleralion  waa  measured  Oy  an  accelerom* 
el*  r  ^■laced  m*  the  crn'ei  rear  li>i>lin«;  ol  ir.e  I*  tynr  atru-. lures.  This  arceleromeier  was  U»caled 
al  the  same  ini  on  Ihr  Pri<j^l  3  1  a*l  siruclure  to  measure  its  iiM>:intc  acceleration.  Fitiure 
58  shoss  the  iH>6itio>i  of  the  toi4:n|{  arc rlrrcnieler . 

The  I’ri'jett  l.5Siat<."i  111  «as  inslrumenird  with  nine  pr»i*sure  liases,  thiee  in  the  (lunt 
laail,  three  in  'hr  top  wall,  two  in  Ihr  rear  wall,  and  i>nr  i  i  a  side  wall.  See  Part  4  lor  details. 
A  pressure  m  a  disc*iallle  and  two  q  Kayes  were  supplied  lO  make  tree  (leld  pressure 
r.'.rasurenienis.  One  ol  the  tw  i  q  yayes  was  oriented  with  its  asis  at  an  anyle  ol  a3  decrees  to 
a  line  Ir^m  >.round  rero. 

Dynamic  pressure  nieasuremert  s  were  made  wih  q  yayes  developed  by  Sandia  Corporation 
and  I'urnished  to  the  lUltistic  Kesearrh  Laiior.«loriea  o>  the  Slaniord  Research  Institute.  Blast 
type  pressure  measurements  ulihard  Ikianrko  tny^ineeriny  Company  type  3PAD>K  Pressure 
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Figure  60  Tim«-of>breaK  gsne. 

Oa<(<  *.  Ihe  accelerometers  used  were  Wisncko  Engineering  Compai  y,  type  3AA>T.  The  de> 
lieciicii  gages  were  the  type  developed  by  BRL  snd  described  in  Rrlerence  ’H  The  column 
sirsin  messurements  were  msde  using  C>3>1,  SR>4  strain  gages,  arranged  to  measure  the 
bendi’ig  moment  at  three  levels  on  a  column  (See  Figure  39).  The  strain  gages  were  applied  to 
the  column  with  Duco  cement.  Alter  s  suitable  drying  time  Ihe  gages  were  moisture  prooled 
with  s  liberal  coat  of  hot  petrosene  wax,  followed  by  a  coat  of  Dow  Corning  DC-'t  ailicone 
greaae. 

The  lune-of-break  gage  was  developed  by  BRL.  It  consisted  of  s  resistance  bridge  arranged 
as  indicated  in  Figure  60,  R3,  R3  and  R4  were  each  ahunted  by  a  No.  33  wire  stretched  over  the 
frangible  siding  in  auch  a  manner  l.ail  Ihe  breaking  ol  the  aidi.ig  would  break  the  wire.  Break¬ 
ing  ihe  wire  would  cause  an  luibalancs  of  the  resistance  bridge  and  a  corresponding  voltage  out¬ 
put.  The  value  of  the  three  shunted  reaiators  was  choaen  so  that  the  breaking  of  each  wire 
would  oioduce  a  unique  output  voltage  amplitude. 

Prior  to  the  ahot,  all  gages  were  statically  calibrated  in  conjunction  with  )he  entire  recording 
syalrm  in  its  field  setup.  Presaure  and  accelcraliun  gagea  were  calibrated  by  applying  known 
values  of  preasure  a.id  acceleration  and  recording  the  output.  Deflection  gagea  were  calibrated 
by  using  a  aimple  analog  converter  to  simulate  deflection.  Expected  values  of  strain  were  simu¬ 
lated  by  ahuniing  certain  arms  of  the  bridge  with  appropriate  resistors.  The  time-of-bregk 
gage  was  calibrated  by  aim  taling  Ihe  breaking  of  the  frangible  siding  panels.  All  arceleralton, 
displacement,  and  strain  channels  were  calibrated  in  Ihe  positive  and  negative  direcllons.  A 
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(MMi  IV*  cif nal  I*  defined  M  Ihet  eignal  which  i*  the  Initihl  output  of  the  (eg*  because  of  the  *f> 
feet  if  the  toUst  on  the  atructur*  or  (ic*. 

A.i  electrical  calibration  aignal  was  provided  at  the  rccordlnc  shelter  and  recorded  immedl* 
ateljf  prior  to  both  the  calibration  record  and  the  shot  record.  The  electrical  calibration  sicnals 
were  used  to  determine  the  drift  of  lha  recordlnf  system. 

The  recording  equipment  used  was  a  multi-channel,  magnetic -tap*  recording  system.  This 
system  used  the  phase  modulation  principle.  As  many  as  20  channels  of  data  could  be  recorded 
on  a  3S  mm  magnetic  tape.  The  recording  system  received  its  power  from  storage  batteries. 

An  Edgerton.  Germeshausen  and  Grier  (EG&C)  blue  box  provided  a  aero  time  signal  which 
»as  recorded  by  each  recording  system. 

During  itv*  shot,  FCIG  remote-controlled  relays  operated  the  recording  system  sequence 
timer  which  provided  appropriate  times  and  relay  closures  to  operate  the  system. 

In  laboratory  testa,  the  error  in  making  dynamic  measurements  with  the  multi-channel  mag¬ 
netic  tape  equipment  had  been  found  to  amount  to  a  maximum  of  t  6  percent.  This  error  arose 
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primarily  from  static  sources,  such  as  noise,  drift,  and  cross  talk.  Under  field  conditions  It 
was  expected  that  these  errors  might  be  twice  as  great,  resulting  In  n  probaM*  accuracy  of  the 
data  of  *  12  percent. 

To  utilise  the  data  recorded  on  magnetic  tape,  the  latter  was  played  back  along  with  the 
appropriate  callbrallon  record  and  reproduced  on  oscltlograplUc  photo-sensttiv*  paper.  Tb 
determine  the  time  dl  .erenlial  between  the  breaking  of  the  franglbls  siding  and  the  arrival  of 
the  blast  wav*,  (^e  time-cf-break  record  sod  a  pressure  record  from  the  nearest  q  gag*  on  the 
same  recording  system  were  played  back  simultaneously  and  displayed  on  the  same  oscillograph 
record. 

RESULTS 

Taole  14  lists  each  channel  Instrumented  by  Project  1.9  together  with  rearnrhs  resulting 
from  examination  of  the  records.  Table  IS  explains  symbols  used  la  TaM*  14.  Those  records 
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indtcUed  aa  partial  recorUo  «wrc  rccorda  which  appeared  reasonable  up  to  a  certain  time  and 
then  became  unusual  in  some  resp-  ct.  Those  records  indicated  as  qusstlooable  were  records 
that  had  drifted  out  of  the  calibrated  range  or  showed  some  anomaljr  that  could  affect  the  valid¬ 
ity  of  the  record.  Those  records  indicated  as  fair  record  were  records  that  were  abnormally 
noisy,  or  of  low  amplitude. 

DISCUSSION 

The  bombing  error  on  Shut  Cherokee  caused  the  loss  of  some  strain  gage  chanrela  and  in¬ 
fluenced  the  validity  and  utility  of  several  other  instrumentation  channels.  The  lost  or  question¬ 
able  channels  caused  by  the  bombing  error  were  due  to  the  thermal  energy  and  the  shock  wave 
coming  in  from  an  angle  widely  different  from  that  expected,  and  of  a  different  magnitude  than 
that  expected.  The  loss  uf  the  deflection  gage  records  resulted  from  the  corrosive  effects  of 
the  salt  atmosphere  on  the  gage  wire. 

CONCLUSIONS  AND  RECOMMENDATIONS 

Eleven  of  the  no  record  or  questionable  records  of  the  l*roject  3.1  strain  gage  channels  were 
directly  attributable  to  thermal  damage  resulting  from  the  thermal  energy  coming  in  from  an 
angle  widely  different  from  that  expected. 

It  IS  recommended  thst  the  BRL  deflection  gage  should  utilise  a  gage  wire  that  is  not  effected 
by  the  salt  atmosphere  when  It  ‘.s  used  at  the  EPC. 
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A.l  STATIONS  AND  INtTnUMENTATtON 

A  loul  of  2S  WHO—  —  iMtroaioawd  oa  four  akotw 
IS  of  Uto  ouuo—  woro  oloctrowciUly  rocorSod,  wid 
tS  woro  '  •  ton  vohirlc  ouiiono.  Ttieoo  Will  ted.  la 
•a.  *2  olactmaicalljr  raeardad  chaaMla  uaeladlat 
>1— Ucaw  back-—  ckaaaata  itaod  for  tha  WF-Saaaia* 
aad  ai  atldeuaa  total  of  2S  faapa  aad  aara  locataj  oa 
a  total  of  II  lalaada  (Ihraa  aiaa-madal  ia  tha  two  alalia. 

Coatractor  a— iiort  aaa  (Ivan  la  tha  caaatmetloa  of 
woaau,  racardiac  — aitar.  aad  cabla  dltcktaf.  Alaa 
pfavidad  aara  tha  aaraayad  %ahtcla  poatuoaa  aad  raa- 
ovavoa  of  tha  C^arattoa  Caatla  XtO  atmetara  aad  ta- 
wniaiaat  ahaltar. 


A.a  STATION  LOCATIONS 

Tka  auuoa  lacattoaa,  giaaad  diataaeaa.  aaiawtka 
fraai  giaaad  Mia,  t— «  aad  aaatbara  of  gagaa  aaad 
lor  tha  baaisa,  — karaa,  cahtela.  aad  )aapo  for  rack 
ahot  ara  ladlnand  la  Tablaa  A.a  thraagk  A.S. 

A.S  nSLO  LAYOUT 

Tlw  blaal  Uaa  layaal  tor  tha  laatnunoatauoa  eorarod 
la  Tabla  A.t  la  khoaa  la  ngaraa  A.t,  A.2,  A.2,  aad 

A.4. 
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TABLE  A. I  STATION  AND  INSTRUMENTATION  SUMMARY 
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^ypc  All 

sution* 

Numbci  ul 
Cagea  or 
-'tcQat'ra  per 
Station 

NumUir  of 
Channeia 

Type  of  T r^aUucer 
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4 
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Anfle  Iron 
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Ch*'rohe« 
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12 
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Structural  Target 
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'<4  ton  Jeepa 

■ 

■ 

TAItLC  A.2  STATION  UXATIO^  FOR  SHOT  CHEROKEE 
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TABLE  A.3  STATION  LOCATIONS  FOR  SHOT  LACROSSE 
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TABLE  A.4  STATION  LOCATIONS  FOR  SHOT  YUMA 
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TABLE  A.5  STATION  LOCATIONS  FOR  SHOT  ZUNI 
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F'lur*  A.)  MaM  lina  Uirowi  fur  ntm  Varna,  military  wMclaa, 


Appmiii  B 

CATEGORIES  of  VEHICLE  DAMAGE 


Ttt«  ihrtv  (miic  ratrci'rira  of  damafp  for  vrhirlra  arr 
vlrfintnl  aa  (oii>i»r  .i«alrrrnc« 

Sc««rv  damaf-  la  that  (Umafr  »hirh  la  auffictani  to 
^<rr\ml  itia  arrufTvua^mrnl  of  any  uaaful  military  func¬ 
tion  aiMl  the  repair  of  lahirh  la  caaeMiaily  tmpoaatbia 
nithout  rriiHnal  to  a  major  repair  facility. 

Moderate  damaf*  la  that  •iamacr  «huh  la  aufficient 
to  prevent  any  military'  uae  until  »imr  repaira  are  ef- 
(ecte-f. 

Lifh*  dama«e  la  that  damage  which  doea  n  •:  aertoua- 
iy  interfi  re  with  immediate  military  ope»-atiors  but  ne- 
cenailatt  a  aome  repair  to  reatore  the  item  to  complete 
military  uaefulnraa- 

The  numbered  categoriea  of  damage  <0.1,  0.3  thru 
1.0 1  are  deacribi-d  ai  lollaaa: 

Degree  of  Oamage  Damage  Deacriptlon 


0  1 

•roken  gUaa  only. 

0  2 

Droktn  glaaa  and  bent  parta, 
but  operat'v*> 

9.9 

Vehicle  turned  nm  aide,  oper* 
auea. 

0.4 

Vahicle  rolied,  operative. 

0.9 

•ome  Immediate  orgaiutaCmal 
maintenance  regui'ed  before 

uaable 

o.c 

Field  maintenance  roguired  <0 
to  10  maa-houre  to  reatore  ui 

n^rnbat  uaei.  Laamplf  udi- 
atiir  repair  and  rt*i'lai'rnn-n(  of 
U  nt  wheel  r(<quirt'0. 

0.?  Field  maintenance  rei|uiri'd 

imore  than  It*  man-hourai. 
Eaampir-  aeterr  ilamagr  to 
rau  atiir  ami  frame  or  ateenng 
column  ludlv  l>ent  a<'  aa  to 
.ntrrfere  with  atcrring. 

O.a  Depot  maintrnancr  itit  iirt-d 

•relatively  minor).  Ivampic: 
entire  both  and  inatrupienla. 
ateertng  wheel.  ah-<t  -evi  ra. 
hood,  and  fuei  tank  cruahed 
and  badly  bent. 

0.9  Depot  maintenance  required 

•eatenaivel.  Example:  liody 
ba<Uy  bent  and  twiaiiti,  grill 
and  radiator  blim-n  back  around 
engine,  carburetor  blown  off. 
ahock  ataorbera  bent,  ciu'rh 
Inoperative. 

1.0  VeHiyle  completely  deetroyed 

laalyagek 

Severe,  moderate,  and  light  damage  were  defined 
aa  the  0.9.  0.9.  and  0.1  pointa.  reapectively. 


SiCRiT 


Appmdh  C 
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R.  i. 

H.  KurlAM 
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SfCtfT 


SUPPLEMENTARY 


INFORMATION 


Defense  Nuclear  Agency 

6801  Telegraph  Road 
Alexandria,  Virginia  22310-3398 


The  following  documents  have  been  downgraded  to  Unclassified 


and  the  distribution  statement 

WT-1307,  AD-311926 
POR-2011,  AD-352684 
WT-1405,  AD-611229 
WT-1420,  AD-B001855 
WT-1423,  AD-460283 
WT-1422,  AD-615737 
WT-1225,  AD-460282 
WT-1437,  AD-311158 
WT-1404,  AD-491310 
WT-1421,  AD-691406 
WT-1304,  AD-357971 

If  you  have  any  questions, 
325-1034. 


FOR  THE  DIRECTOR: 


changed  to  Statement  A: 

WT-1305,  AD-361774 
WT-1303,  AD-339277 
WT-1408,  AD-344937 
WT-1417,  ad-360872 
WT-1348,  AD-362108 
WT-1349,  AD-361977 
WT-1340,  AD-357964 


please  call  MS  Ardith  Jarrett,  at 


JOSEPHINE  WOOD 
Chief 

Technical  Support 


ERRATA 


